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INTRODUCTION 
In a small town in Southern Haine, there is a manufacturing 
fi rm vThich is typical in many ways of so many other small firms in New 
.England and the rest of the United States . In recent years , t he ovmer-
managers of this firm have proved 1-ti. th startling success that a smal l 
business can conduct a technical research effort to maintain and improve 
its position in a competitive economy. Let us take a look at this firm 
as a case history in the hope that we can focus our attention more 
clearly on the exact nature of this management tool called technical 
research and its practical use to small business . 
The Hussey Manufacturing Company was founded during the early 
days of American histo~r to supply an expanding Nerr England agricultural 
economy with metal tools and farming equipment. ·Later, as the mjor 
centers of farming moved Hest to the nev.r frontiers and the fertile pla:im , 
the company 's product line shifted to light structural steel work and 
continued so for many years . 
Several years ago the fi.rm received the opportunity to submit 
a bid on a contract for a set of por table spectator stands . The bid 
was accept ed and work was started on the construction of the stands . It 
is here that the story really begins, at l east as a case history on tech-
nical research for small business. Mr . Phillip Hussey, who is president 
of the firm had long ago learned that the chief executive of a manufactur-
ing enterpri se is charged with a responsibility that goes beyond the 
solution of present-day problems . He must also be plan...n:ing for the future 
of the company with regard to markets , products, and the equipment and 
personnel needed t o produce t hese products . Research is an important tool 
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in all of these areas whether it is called economic , market or technical 
research. 
You may be assured that in t he completion of this contract for 
a set of bleachers , there l·lere many day-to- day problems in all the facets 
of management; i . e . production, personnel , costs , finance , etc . These 
problems were not neglected . But the research function of the chief execu-
tive was not neglected either and the questioning mind was given its oppor-
tunity to work . -what is this thing we are building? \-Jhere a'ld how is it 
used? Is there an established or potential market for this product? How 
wa.s the present design established? Is there room for improvement? These 
questions were asked and the answers were revealing and rewarding . There 
is a definite , w-1ell- defjned market which is wide open to nev1 producers 
and also every reason to believe that opportunities for product improve-
ment are broad. 
As a result of the preliminary market research, additional con-
tracts were sought and won . These first contracts required construction 
to designs and specifications submitted in each case by the buyer . 'l'he 
enthusiasm of the chief executive and his approach to this opportunity 
served to stimulate his employees . Soon one of the draftsman developed 
an idea for a new approach to the design of the bleacher seats . This 
basic idea was developed further and resulted in a considerable improve-
ment over other tmits offered by competitors . This firm is currently faced 
with an almost frightening backlog of orders . 
This is an extremely simple story of research and undoubtedly 
-vli thout the glamour and national import of recent research results in 
rockets, electronics, biology, medicine and other fields . It is , however , 
a true story and most assuredly of vital import to the Hussey Manufactu~ 
ing company. It may also be important to other small business managers 
in demonstrating that the benefits of research are available to them. 
In a survey{t- conducted in 1957 in con junction with the President's 
Conference on the Benefits of Technical and Distribution Research for Small 
Business, some interesting insights into the thinking of the small business-
man as an individual and as a group were obtained. The following quota-
tions are taken from a report of this survey. 
11Th ere is no doubt in our minds that the vast majority of Small 
Businesses themselves ascribe a good deal of importance to their technolo-
gical and related development needs . However , recognition of a distinct 
and organizable problem and task, 'Research and Development 1 - one of 
four primary ones emerging from this survey - is achieved only by Small 
Business as a whole , by the cumulativ~ thinking of the substantial group 
sampled, rather than being an insight of all but a small fraction of the 
individual Small Businessman . 
Not only does the 'typical' Small Business lack a full under-
standing of the relative importance of Research and Developnent, but it 
frequently misses its very meaning and the organized way in -vrhich it can 
and must be approached . This lack of understanding is often coupled with 
a sense of futility, a feeling of impotence in the face of overt-Thelming 
obstacles , many of vrhich are only too well recognized by outside observers . 
As far as general Research and Development tasks are concerned, 
nothing describes better the sentiments and obstacles known to SwAll Business 
than the following quotation from the Progress Report by the Cabinet Com-
mittee on SwAll Business , dated August 7, 1956, citing~ 'c': 
*1., pp XI - XVI 
"The pace of technological change has been accelerated 
in recent years . Large and well- financed firms have 
become accustomed to undertaldng costly research and 
development programs , which enable them to set the 
pace or to meet the pace of industrial innovation and 
investment . Small business enterprises cannot normally 
do this . " 
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Some of the most astute Small Businessmen recognize a connection 
be1Hreen large f i rm's ever increasing utilization of Research and Develop-
ment and the fact that their share of United States business is growing. 
It is not surprisL~g that the above mentioned and other apparently 
immovable obstacles frequently frustrate Small Business . It does seem, 
however, that other and far less unapproachable obstacles should be more 
knowledgeably dealt with . 
More significant than the marked increase L~ business failure 
rates during the last four years, is the f i nding from a 1953 Dun and Brad-
street survey vrhich ascribes 89 .h% of failures to managerial incompetence . 
It is the area of management competence which deserves much of the atten-
tion of Small Business that it now lavishes upon imponderables . 
A good measure of self-confidence and an actual or quasi-profes-
sional 1facade 1 , are common characteristics of the entreprenuerial pro-
file of most Small Businessmen . Yet the almost total lack of recognition 
and expression of shortcomings - as reflected in our study - is nothing 
short of appalling . 
Neither the Small Businessmen themselves , nor others surveyed 
who offer them counsel, seemed to recognize any hi ghly significant short-
comings in top management skills, much less referred to them as a major 
problem area . 
It seew~ to us that all top management - regardless of wha t size 
business it rtms - must skillfully deal with and continuously improve in 
three areas , before it can expect some assurance of lasting profitable 
operations: 
(a) Forrrlulate a management philosophy and establish 
both short and long-range policies consistent 
1vith its aim and available talent and facilities . 
(b) Plan ahead and organize for planning; keep well 
informed and maintain enough flexibility to 
alter and amend programs as needed. 
(c) Consider the people in their organization a pri-
mary asset and utilize them fully through human 
relations practices that recognize the whole in-
dividual and tend to develop him. 
Small Businessmen are justifiably suspicious of counselors , sem-
inars, books and articles w·hich claim that management has become an exact 
science . Recognizing this exact science' concept to be patent nonsense 
is a credit to the Small Businessman , yet it is not sufficient, on the 
other hand to rely upon creativity, enterprise , intuition and perspective 
alone, horrever vital these· ingredients are . The ideal is of course a 
harmonious marriage of the latter four elements with the more scientific 
techniques of investigation, planning and organization. 
Many authorities claim that a proper frame of mind is a requi-
si te for Research and Development and planning the key to research success . 
Actually proper management is the prime requisite for Research and Develo~ 
ment in any business , even as planning is the key to a successful enter-
prise . 1' 
In this same survey~~, a group compromised of representatives 
from both small business and large business were asked to rank the problems 
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of small bus:LTless in order of importance as they saw them. These rank-
ings , -v1hen presented for the two groups surveyed, revealed a very marked 
difference of opinion. As seen in Table I , the small business executive 
relagates research and development to fourth place among those items re-
quiring his attention. Ho-vTever, the manager of large business ranks re-
search and development first among the problems facing small business . 
T-~is pronounced difference of opinion can be explained in part 
as follOivs : 
First, the small business executive is often owner-manager . To 
him, any separation of the two beyond that necessary for the insertion of 
a hyphen, as above, is unthinkable . For this man, financial problems 
and a weekly pay check are synonymous and necessarily of great importance . 
Secondly, as indicated in the survey report quoted above, the 
small businessman suffers both from a lack of understanding of research 
and a sense of futility regarding it. 
Many thoughts on the subject of research and development have 
been presented in recent years. The majority of these presentations have 
been directed towards the medium and large-sized corporations where re-
search departments organized in depth are possible . The acceptance o£ 
Research and Development by the managers of these corporations is self-
evident in an analysis of expenditures for this type of activity. Figure 1 
is ~ graphic representation of total naticnal expenditures in recent years . 
The tremendous growth can qnly be attributed to a recognition of the ulti-
mate profitability of research or its importance to corporate survival . 
Tnis is brought out even more forcibly in a recent survey ~J Business Week 
Magazine . This survey reported in the November 9, 1957 issue , indicates 
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a tapering off of capital spending as a result of the leveling off of an 
economic 1boom 1 • Concurrent with this reduction, the leaders of the 
nation's industries plan to continue their expenditures for Research and 
Development at current levels or even increase them. These data are pre-
sented in Tables II and III . 
Business problems and their solutions are in general the same 
for both large and small firms . The differences occur onl y in detail 
and scope . The purpose of this thesis is t o emphasis the importance of 
research ~d development to small business and to indicate the mam1er in 
which it may be pursued. 
TABLE I 
PROBLENS FACING SMAIL BUSINF.-BS 
As viewed by small business itself As vieued by large business 
Problem Area %" 'fl \ Problem Area %~~-
Finance 34.5 R & D 34.1 
Personnel 21. 3 Personnel 22. 7 
Sales 16.5 Finance 20 .5 
R & D 12 . 8 Sales 11. 4 
Government lO.h Production 6. 8 
Production 4.5 Go-vernment h.5 
* percent of intervielvees ranking each problem area as number I 
Data from Tile Teclmical Problems of Small Business and some suggestions for the expended 
application of technology. Prepared for the President ' s Conference on Technical and 
Distribution Research for the Benefit of Small Business . Ernest T. Loen and Associates, 
Penthouse Suite, 2330 West 3rd Street, Los Angeles, California . 
PCS-366 July, 1957 
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TABLE II 
CAPITAL SPENDJNG 
Industry 1957 1958 
Estimated Planned 
(millions of dollars) 
Iron and steel $1, 857 $1,411 
Nonferrous metals 944 585 
Machinery 1,257 1,047 
Elect rical Hachinery 653 738 
Chemicals 1, 795 1,723 
Paper 847 644 
Rubber 208 193 
Stone, clay and glass 604 552 
Food Products 828 749 
Textile 397 3o6 
All Manufacturing 13, 904 11, 614 
All Non- manufacturing 24, 1(9 24,445 
data from Business Week, November 9, 1957 
TABLE III 
RESEARCH SPENDING 
Percentage of companies whose 1958 research spending will be 
Industry more than less than same a s 
in 1957 in 1957 in 1957 
Primary metals 31.!% 9 57 
Machinery 43 8 49 
Electrical Equipment 6h 2 34 
Chemicals 57 0 53 
Paper 65 4 31 
Rubber 55 0 45 
Stone , clay and glass 22 0 78 
Food Products 40 0 57 
Textile 25 3 72 
All manufacturing 41 5 54 
All Non-manufacturing 29 5 66 
data from Bus iness Week, November 9, 1957 
Figure 1. Total National Expenditures for Research and Development 
(data from Steel Magazine , July 15, 1957) 
1-' 
\Jl. 
• 
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CHAPTi!:R I 
What is Technical Research 
A clearcut definition of a field which encompasses so many 
types of activity as technical research and development is difficult if 
not impossible . These terms will perhaps always mean many things to many 
people . Our purpose here, however , is not to wrestle with semantics but 
rather to determine in the broadest sense , the scope of research and devel-
opment. 
Kettering, of General Motors research fame , has often been 
quoted in his definition of research: 
Research is a high- hat word that scares a lot of people . It 
needn 't . It is rather simple . Essentially, it is nothing but a state of 
mind - a friendly welcoming attitude toward change . Going out to look for 
a change instead of 1r1aiting for it to come. Research, for practical men, 
is an effort to do better things and not to be caught asleep at the switch. 
The research state of mind can apply to anything; personal aff~irs or any 
kind of business , bi g or little . It is the problem solving mind as con-
trasted with the let-"t·rell-enough-alone mind. It is the 11 tomorrow11 mind 
instraad of the 11yesterday11 mind . ~! 
'!his certainly i s a v i tal part of the total. Knowledge and 
ability in the particular field of endeavor and often times related fields 
is of equal importance. If we combine with these a proper portion of 
organization and planning , the chances for success are extremely good. 
The two -vmrds "Research" and 1'Developmenttt are usually thought 
of together as making up a total unit effort and -vrell they might be . For 
the purposes of working out a definition \·;e might do better to think of 
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them separately and then recombine them to obtain a complete definition. 
P.ESEARCH 
Research is the organized search for facts and information con-
cerning the la1..rs of nature . It is customary to divide this area into tvro 
sections called basic and applied research . In the case of basic research 
the search is for nmv knoHledge for the sake of knolirledge alone . No 
irmnediate need or use for the facts, except for further basic research is 
seen . They vlill , however be catalogued and stored for future reference . 
There are many examples -v1hich might be cited. A single issue of the 
Journal of Physics, will, for example, contain many papers which are the 
results of a program of basic research . 
One issue* contains a paper entitled 1l Electric Breakdown and 
Conduction Through Hylar Films 11 • The work reported in this paper is one 
part of a long- range program of research on high field strength effects 
up to the electric breakdown in a wide range of materials . The paper is 
su111I11arized by the authors as follows: 
1'Dc breakdown studies on £-iylar film show that defects cause a 
decrease in dielectric strength >dth decreasing fiJ~ thickness at room 
temperature but not atl80°C . The breakdovm at defects is associated with 
moisture content. Using self-healing electrodes to eliminate \ojeak areas , 
a d . c. dielectric strength of 6 Mv/cm is fotmd, independent of film thick-
ness . Prebreakdown current measurements jndicate ionic currents which 
are fairly uniform throughout a sample, and field emmission currents 
localized at incipient breakdown points . Breakdown probably occurs as a 
result of local heating by field ernmission curren ts1'. 
~~ 9 p 1017-1022 
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Another exan~le of basic research wotud be a project currently 
underway at the laboratories of Lessells and Associates , Inc • of Boston . 
'!he referenced study~*- is on the subject of the phenomenon of acoustic 
emmission :in materials under applied stress. The follo-vring quote is from 
one of the progress reports on this work . 
t'This work concerns the study of :induced vibrations in materials 
under stress . Historically, the enunission of sounds from tin has been 
known for some time due to the audibility of the induced vibrations when 
tin is stressed. The phenomenon has been co~~only referred to over the 
years as "the cry of tin 11 and was thought to be a unique characteristic 
of tin . Theories proposed that these emitted sounds were caused by the 
T1twinning of tin" . However, it has been found that other materials, in-
eluding aluminum vihich does not exhibit twinning, also emit acoustical 
vibrations under stress but the level of sounds for materi als other than 
tin is far belmv the lower limit of audibility and hence not obviously 
present. " 
In both of these examples, no direct and profitable use of the 
results of the research are seen . To berure , the research workerR may 
forsee future useful applications of their work but their ~~ediate goal 
is to perform their research as carefully as possible and to try to under-
stand clearly the results of their work. 
The term applied research is customarily used to define the 
quest for facts where there is an anticipated need or use in the forsee-
able future . The issue of the Journal of Physic~:"*Previously cited con-
tains examples of this type of research also . One of these is entitled, 
* 20 
** i 0 p 951-9.59 
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"Photoelectric Effect from Borosilicate Glass"' • The opening paragraph 
in the Introduction states the purpose of the research quite clearly. _ 
"The increasing interest in low- frequency breakdown in glass 
envelopes with external electrodes as indicated b,y any of the studies of 
the Joshi effect and recent es.timates of very hi gh photoelectric quantum 
effeciencies for glass with photons from Ne discharges b,y Von Engel and 
Harries , indicate a need for more acct~ate evaluation of the photoelectric 
quantum effeciency for glass . In addition some knowledge as to the be-
havoir of electrons deposited on the glass surface opposite the instant-
aneous anode is required. For the purpose of obtaining such informatio , 
the studies to be described were undertaken. n 
As a further example of applied research, we might use the pro-
ject files of Lessells and Associates once more . A report* entitled 
"Research Study of Certain Effects of Shot Peening on Steel, Aluminum and 
Titanium" provides a case in point. The work reported was devoted to the 
study of the effec ts of work- hardening by shot peening on t he endurance 
limit in fatigue of certain metals . The purpose of the work was to pro-
vide data to be used in developing manufacturing processes for aircraft 
propeller blades . The authors describe their -.;.rork as folloloiS: 
7'Ihe first phase of the work involved a comprehensive study of 
the r esidual stress distribution arisi ng fromnany different conditions of 
shot- peening . Having obtained from this study the condition of depth and 
magnitude of the surface compression layer, it was possible to prepare 
fatigue specimens having any desired depth of compressive layer. In the 
second phase of the work, such specimens were then damaged by a specific 
-l~ .20 
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artificial procedure and tested in reversed bending . " 
vJhether a given research project deserves to be classified as 
basic or applied must ultimately be a matter of personal opinion . The 
opinion will inevitably reflect the bias of the person gi ving it . This 
is well illustrated by the report which relates that university adminis-
trators estimated they received about $85 million dollars for basic re-
search from the Federal Government , 1mile the public officials who dis-
bursed these same sums calculated that they provided barely half that 
amount to the universities for the same purpose . 
Once again , our stated purpose is not to define terms in a 
strict sense but only to outline in a general 1'1ay, the subj ect upon which 
future chapters will be based. 
D EVELO OO"""lJ T 
Development bridges the gap between facts and new-r products or 
processes, turning facts into profits . The facts used may result from 
research but this is not always the case . Stated another way, research 
does not always precede development. 
A recent pa-tent application disclosed a neli tool \.ffi 'ch combined 
in a single handl e a set of five wrenches fomerly requiring five separate 
handles . The ne"r tool has the further advantage of automatically select-
ing the right size ·Hrench opening for a given size nut or bolt head . The 
inventor of this device would probably be hard put to describe in detail 
the thought processes which led to this basic idea . It can be said with 
assurance that research was not required. The organized processes 1vhich 
carried the idea fo~rard to a finished tool capable of manufacture are 
development. 
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The United Shoe Machinery Corporation i.Tl their booklet entitled 
"USMC Researchu~~ define their development department as follo~rs: 
11This department is concerned with the improvement of existing 
machiner.J and final designs for n.e\-r machines in accordance with principles 
established by the Research Department . " 
Small business will i.Tl general find the techniques of develop-
ment are more readily avB.ilable to their use than those of research . For 
this reason, the small business manager should avail himself of every 
source of idee$' facts , and information which might lead to fruitful dev-
elopment pro j ects . Ideas are not x~stricted to employees of large firms 
alone . The native talents of the employees of the small firm should there-
fore be inspired and utilized to the fullest extent. The results of re-
search carried out ~J other firms , institntions and government agencies 
are published in many pla.ces . Particular attention should be devoted to 
screening those sources with a vievl towards possible development projects . 
We have said that development is not always preceded qy research. 
By the same token it may be said that research does not always lead to 
development. The results of research can be and frequently are negative 
in nature . 
Having devoted several pages to a brief description of Hhat re-
search and development are at least a few paragraphs are in order on the 
subject of 1~fuat is not research and development. " 
One of the larger metal working firms in this country has pre-
pared a multi- page brochure describing its products and facilities . One 
page is devoted to research . The following is quoted directly from this 
brochure . 
~~ 2, P. 13 
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nyou expect better 'products 1 from XYZ and you get them. Th.e 
reason can be found in ----- Engineering Laboratories . Completely 
staffed research departments vTith modern equipment study every angle in 
product design , materials testing and heat treating . 
For example, raw materi al rec eived at any XY2 plant, princip-
ally bar stock, is subjected to careful scrutiny of physical, chemical 
and microscopic tests to determine if it meets the rigid standards demanded 
by customers . 
Here we have a corporation claiming "better products through re-
searchtr but the only example vThich can be found in their "completely staff ed 
research departments" is recei.vi.TJ.g inspection on incoming materials . In-
spection and/or quality control procedures are production control techni-
ques used by plant managers . They are not in and of themselves research . 
The Scientific Apparatus Maker 's Association have prepared a 
booklet entitled 11Quality Control and Research" •* 
Quoting from this booklet - 11Research is a step above quality 
control . It begins where quality control stops . It is keyed to improv-
ing the nature of the raw material, the improvement of existing materi als 
that already have passed rigorous tests and specifications' . 
Those vmo would claim quality control or inspection departments 
as research departments might for the short term deceive their customers 
and their stoc~~olders. In the long t erm they will deceive only them-
calves . 
SMALL BUSINESS 
A def:inition of small business would be at least as difficult 
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as one for research and development . There are some who are opposed to 
sett:ing up categories for small-business, medium- sized business, and large 
business . The Secretary of Corrrrnerce , Sinclair \"leeks , is perhaps the 
leader of this group. It is his claim that business problems are the 
same for both large and small . He will admit, hm·1ever, that t he depth 
and scope of treatment of these problems must v ery with size . 
The Federal Government through the Small Business Administration 
has several definitions for small bus:iness . The first of these is for the 
purposes of government procurement . 11A small business concern. for the 
purpose of Government procurement is a concern that is not dominant in its 
field of operation and, <·>lith its affiliates, employs fewer than 500 employees . 
For the purposes of financial or other assistance, the definition 
is as follows for manufacturing: 
"(1) As SJTt.all if it employs 250 or fewer employees . 
( 2) As large if it employs more than 1 ,000 employees . 
(3) Either as small or large depending on its industry 
and in accordance with the employment size standards set 
forth in Schedule •A• hereof , if it employs more than 
250 but not more than 1,000 employees". 
Schedule A. can be obtained from the Small Business Administration . 
l'l'r . Coffman, President of Technifax Corp ., has defined a small 
business as one >·Ihich can be managed and comprehended by one man . 
All of these definitions are arbitrary in nature and the reader, 
therefore, i s the ultimate authority in deciding whether or not his firm 
is a Small Business . The classification of a particular business as small 
medium or large is relatively unimportant for the purposes of this thesis . 
The real importance is for the reader to decide if the subject 
matter can be used to advantage and if so how to a pply it to his own situa-
tion. 
CHAP'IER II 
What is the Value of Technical esearch 
Profit is the reason for research and development . The desire 
may be for improved profits , maintainence of present position, or perh~ps 
survival . Other benefits of research are prestige in the market place 
and a more favorable reception when seeking additional funds from bankers 
and stockholders . These latter factors are important but they are secondary 
t o the profit motive . 
Profit can result from either ne-v1 products and improved pro-
ducts or from process development . In the case of nev1 or improved pro-
ducts, it is quite obvious that profit derives from having a product which 
can be sold in the market for a price which will :include a profit allow-
ance. In the case of process development, profits result from lowered 
production costs . 
The lunerican Institute for Hanagement estimates that more than 
half of present-day manufacturing employment is in industries born of re-
search . In many industries, over fifty percent of current sales volume 
is in products not known as little as fifteen years ago . 
In Steel~~ 1-lagazine, research i s called "The Threshold of the 
Future" . 
"Next year, every metalworking company will compete against at 
least one product that does not e .is t today. As much as 80 ~er cent of 
industry ' s growth in the next three years will come from products not now 
produced. 
Although research deals in futures , the 1nevmess 1 of the pro-
blem cannot ' e overemphasized. Ribht now, your competitors are working 
*11 pp 93-99 
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on products they'll introduce tvro to ten years hence . 11 
The implications of the situation are spelled out by J . Earl 
Gulick, vice president of manufacturing, B. F . Goodri ch Company, ft_kron : 
11Nothing can destroy a business so completely as a new and better product 
in the hands of a c ompeti tor11 • 
As •Ir . Gulick suggests , the bes t defense -..;ill be an agressi ve 
offense . EXAMPLE - In the early 1940s, Polaroi d Corporation , Cambridge, 
Jl1assachusetts , started working on its Land Camera - - - the one that takes 
a picture and turns out a print in one minute . 
The year the camera was introduced ( 1948) , Polaroid had net sales 
of $.1 . 5 million, but after taxes and expenses , it came up with a loss of 
$865, 000 . In 1956 , the company had net sales of ~34 .5 mil lion and a net 
profit of $3. 7 million . In the eight-year period, sales and profits gained 
steadily. J . H. Booth, executive vice presi dent, credits the grmvth almost 
solely to market acceptance of the new c mera. 
He points out that the one nffiJ idea has been a breeder for more 
new products . 11irle have just mtroduced a camera that produces a trans-
parency rather than a print . It can be shown on a proj ector 2 minutes 
after ~he picture is taken . 1nen, too , we s till have no t touched the low-
priced camera market, but we w-iill . We also intend to take advantage of 
the current interest in color by adapting our process for it . 1 
Managers of publicly owned companies will be int erested in what 
happened to Polaroid stock after the introduction of the Land Camera . 
LD 1951 i t sold for 24t . Today it's selling for about 190. 
MORE EXA11PLES - Here 1 s acldi tional proof of 1-rha t nev.r products have done for 
sales in the post1·rar period. 
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Cra'!rJford H. Greemralt , President of Du Pont , says about 27 per 
cent of his company ' s sales result from product s developed in the postv.rar 
period . 
A third of I'1innesota Hin:ing and Hanufactur:ing Company's 19.56 
sales came from produc ts developed since 194_5 . Coming Glass Works 1 
president, W. C • Decker , figures half of cm-ren t dollar sales c orne from 
products that didn 1t exist in 1946 . Hestinghouse says that 60 per cent 
of its 1956 sales came from postwar products . 
Fully 80 per cent of RCA 1 s current business comes from products 
a11.d services not on the market ten years ago . Host electronics fir.rns are 
confident that this process will repeat itself' in another t,en years . 
SIZE ISN''T TIIE KEY - Hith the exception of Polaroid (it employs 1200) 
those examples involve large corporations vlith widely recognized research 
activities . Many executives of smaller companies c i te parallel growth 
patterns . 
In 1953 , of the 1.5 , 500 companies that researched in their 01~ 
facilities , the 300 largest (more than 5,000 employees) accounted for 
70 per cent of the R & D money spent . But 80 per cent of 15, 500 doing 
research employed fewer than 5oo . About 3700 other companies 1-1ithout 
H. & D programs of their mm supported projects being done by outside or-
ganizations . Nany were small companies . 
The point is this : Size is not a factor if Research and Devel op-
ment are 1..rell managed. 11 
In a speech before the New England Council's 127th Quarter ly .fv!eet-
ing~~ , Hr . 1,i . Hardie Shepard discussed research and development. Nr . Shepard 
is a partner in the investment banking .firm Payson and Tr ask in Ne1..- York 
.I/,- 4 
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City. Several of his conunents are of inter est here. 
"On an industry basis , the statist i cs show the industries with 
the highest grouth factor have bee!! those that have spent the highest 
percentage of their sales dollar on research and development , whether 
financed by the government or by the industry itself . The a i rcraft and 
aircraft parts jndustry heads this para.de with 12. 7% of i ts sales dollar 
spent for research and devel opment . In this industr~~ , the government 
financed 85% of this total budget . The second industry in line is elec-
tronics, which spent 6.4% of the sales dollar, and the government financed 
57% of this amount . Professional , scientifi c and controlling L~strtunents 
are next, also with 6. !1% of the sales dollar spent for research and dev-
elopment with the government financing 72 . 8% . Photographic equipment and 
supplies come neA~ with 4. 8% of the sales dollar and the government finan-
cing 29.1% . The chemical industry i s next with 2. 5% of the sales dollar 
and the government financing only 7. 1% • T'nese figures f or the five top 
industries compare with an average ratio of research and development 
costs to sales for all manufacturjng industri es of 1 . 7% . All of the 
other industries trail these five l:r.r a. large percentage, and the indus-
tries just menti oned have had a groNth factor very -vrell above the rest of 
the industries i n the count ry. It is generally conceeded that the total 
industrial grovnh in the count~J and the s tarting of new industries will 
be almost directly proportional to the increase of research and develop-
ment expenditures by industry on an overall basis . 
It is oft en thought that only the lar ger corporati ons can afford 
a regular research and development program but statistics for the year 1953 
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show that nearly 20, 000 companies contributed to the country's research 
and development effort . Of this number, some 15,500 conducted research 
and development ifork :in their ovm facilities and this was exclusive o:f 
the companies with less than eight employees . In addition to this last 
figure , about 3700 compa~ies without research and development programs 
of their ovm supported projects perforraed by outside research organiza-
tions . A large majority of these companies are small manufacturing 
finns . Nearly 14, 000 of the 15,500 comp&"lies doing research and develop-
ment work were in manufacturing industries and nearly 12, 000 or 85% of 
these manufacturers had between 8 and 500 employees . 
An :investment banker or venture capitalist knor1s from exper-
ience that the record of companies vihose growth has been based on advanced 
technology is unusually impressive . ~ical producers of new technical 
production or :instrumentation of a commercial as well as military nature 
have achieved average growth rates in this post- war period ranging from 
1.5% to more than 100% annually. This compares l>Ji th the average gr owth 
of all manufacturing companies of 5 to 6% annually. The best protection 
from a decline in sales and profits in periods of economic adjustment is 
the development of new products or equipment Hhose acceptance will be 
assured even through business activities as a t~'hole may be declining . 
Corning Glass states that almost one-half of its present products 
have been developed since 1946. 
Science is novi the new frontier for business expansion just as 
the opening of the t-Jest 1vas the stimulant that sparked the rapid busi ness 
growth of the 1800' s . " 
Let us look in more detail at each of the three reasons :for in-
dustrial research Which have been cited above . 
PROFIT 
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Tracing a given program of research and/or development through 
to its culmination in profit dollars is usually difficult if not impossible . 
If the results of research were easier to evaluate, then this thesis -.;.rould 
perhaps be redundant . Some statistics on growth of corporations which en-
gage heavily in res earch have been quoted above. The growth and profit 
patterns of these research-oriented firms are too consistent to be a re-
sult of coincidence . Cause and effect, research and profit must be assumed. 
Table IV shows how the business community thinks that past and 
current research and development will lead to further iJJ.dustrial grm-•th as 
measured by capital spending for new plant. 
:?RESTIGE IN THE MARKET PUCE 
Consider the advertising of General Electric - '"Progress Is Our 
Host Important Product 1 , Du Pont, U. S. Steel and other large corporations . 
r~ch of their advertising dollar goes to dramatizing their expenditures 
and efforts L~ research. Figure 2 is a full page ad qy General Electric 
in Business Week Magazine, highlighting chemical research . The theme is 
UWe do research and you the consumer or customer gain in terms of new and 
more reliable productsn . 
FAVORABLE RECEPTION IN THE JIIONEY t1ARKET 
Investment bankers and other sources of busi..ness capital such as 
private investors are well aware of the opportunities for company growth 
as a result of research . We have already seen that the stock of Poloroid 
moved from 24~ to 190 in the period from 1951 to 1957 , as a result of the 
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development of the Land Camera . 
Nr . Shepard, the investment banker, quoted abovel~ can provide 
us vdth additional comments on this subjec t . 
In evaluating a business, the investment banker or venture cap-
italist puts such strong emphasis on the development effort qy a company 
that the value of that company , i..11 their eyes , compared with the value of 
one that is not progressive in t his way, is often separated by a fac tor 
of two or three time s in value . This shoviS up in the compani es '..rhich now 
have a marke t for their securities in the sense t hat the :industry and the 
companies which are having a rapid growth because of fast technological 
changes are selling anywhere from 20 to 30 t i_mes earnings , again t a 6 to 
10 tillles earnings for all companies Hhich have been ba.ckvrard in this re-
spect and the average times earnings for all companies listed on the New 
York Stock Exchange of roughly 13 times earnings . 
This also sho>-Is up in another yardstick, vThich is the relation 
of the market valuation of t he company to its book value . Again, the in-
dustries and companies that sell at 20 to 30 times earnings are also apt 
to sell at anything from 3 to 6 times book value against the l ess pro-
gressive industries and companies which sell around book value and slight~ 
above , and in some cases at an actual discount t o book value . 
The evaluati on of small companies which do not have any market 
for their s tock is done on almost -che same basis as if a company did have 
a market for its stock, so these same f actors previously mentioned prevail . 
Even an extremely small company, when it goe s to a venture capital f i rm 
for its .financing, 1dll find that the Yalue placed on it can differ again 
by a factor of t wo or three, depending on -vrhether it has an active 
31. 
development program and as to whether , as a result of this kind of a pro-
gram, new and exciting products or instrumentation have resulted. 
It is therefore most important that small companies develop 
this philosophy of considering a continuous development program just as 
important to the business and as much of a regular item of cost before 
taxes as the sales, promotional or advertising expenses which every com-
pany considers as .necessary business charges." 
The words of Dr. Lee A. Du Bridge, president, California Insti-
tute of Technology are strikingly to the point on this subject. 
uAll I say is that -v;hether your company still is in existance 
and making a profit 10 or 20 years from nov1, or what kind of a product 
it will be making or selling then, is more likely to be determined by 
what happens in the laboratory then in the accounting office, in the sales 
office -- or even in the halls of Congress or the White House. If you 
don't believe me, think back 50 years. The changes that occur in the 
next 25 years will be every bit as great as those of the last 50. How 
many companies of today even existed 50 years ago? And of those that do 
date back to 1903, how many were then making products or using methods which 
were the same as those of today? And how many companies of 1903 have gone 
out of existence -- because they stuck to a product which became obsolete? 
The really great changes of the past -- as of the future -- stem 
from the creative ideas of men and women working in the laboratory, in 
the drafting room and in the shop. And the management that ignores what 
goes on there is ignoring the real th:ings that affect the future". 
TABLE IV · 
CAPITAL SPENDING FOR NEVJ PLAJIJTS ll! 1959 
Industry 
Primary metals 
l·iac hLT'l ery 
Electrical Equipment 
Chemicals 
Paper 
Rubber 
Stone , Clay and Glass 
Food Products 
Textile 
All Hanufacturing 
All Non-manufacturing 
Percentage of companies that think their 
research 
\-!ill prompt \von 1 t prompt 
New Plant New Plant 
Spendjng Spending 
45% 55% 
28 72 
6o 64 
65 35 
42 58 
91 9 
35 65 
38 62 
18 82 
38 62 
38 62 
data from Business Week, ~Jovember 9, 1957 
In an atomic l abora tory, a crucible 
containing fission materials is raised 
to white h eat. To meet the special 
requirements of this work and other 
~:~'::=~~ high- temperature refractory u ses, 
t. -·· __ G .E. is now offering a new, extremely 
high purity grade of fused magnesium oxide. 
General Electric h as conducted chemical research on 
fused magnesium oxide for many years. G-E Calrod® 
heating elements were the first to employ the material 
as a safe, efficient insulation for high temperature units. 
An extensive development and testing program has 
yielded a new grade of fused magnesium oxide that is 
able to increase greatly the service life of heating ele-
ments in electric frying pans, ranges and other appli-
ances. Today a tomic applications can also benefit from 
this continuing research by General Electric. 
Your own investigation of G.E.'s new grade of fused 
magnesium oxide may bear profitable fruit in still other 
ceramic, electrical or electronic applications. 
For information on G.E. 's fused magnesium oxide p rod-
ucts, write Dept. CMD, CHEMICAL AND METALLURGICAL 
DIVISION, General Electric Company, Pittsfield, Mass. 
l+ogress Is Ovr Most lmporfanf Protlvcf 
GENERAL. ELECTRIC 
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CHAPTER III 
Planning and Organization for Research 
PlaTlning and organization are important in all areas of manage-
ment activity includLTlg the area of technical research and development. 
'!his fact has been stated previously in Chapters 1 and 2. In this Chapter 
we will begin to see how small business and large rosiness differ in de-
tail and scope in their approach to technical research. 
PLA:NNING 
Planning most certainly increases the chances for success in 
research as measured in profits. McGraw Hill has reported* results of a 
survey of research directors showing that it take s four to six years to 
develop a new product from the idea stage to manufacturing. Five years 
of research work followed by two more years to develop markets. 1.Vi th time 
factors such as t hese, lack of planning could be disastrous. · 
** Steel magazine presented graphically the effect of planning on 
profit margins. '"The company that \)rings out a successful product gets a 
handsome return after introduction. Profits and sales climb. Sales con-
tinue to mount even when production begins to catch demand, or when com-
pe titors begin to win some of the battles and profitless price competition 
sets in, but profits slump. Drawn on a life-cycle chart, the curves dra-
matize two facts: (Figure 3) 
1. It takes a continuing flow of new products to sustain over-
all profit margins. 
2. The company that makes a killing is the one that introduces 
and successfully markets the product, then feasts on its growth, not the 
i l- 1 .2 pp 129-'132 
** ll pp 9 8-99 
one that 'jumps on the band wagon ' in tirne to be caught in the profit de-
cline.1' 
Planning in its simplest form is the establishment of goals, 
outlining the means for attaining these goals,, and comrmmicating both 
throughout the various levels of the company. By establishing goals and 
outlL~ing the path to attainment, management is forced to refine its 
thinking. By connnunicating these thoughts, other members of the company 
will be 1-vorking in a direction that will bring most profit to the company. 
Dr. Clifford Rossweiler, vice-chairman, Johns-Hanville Corpora-
tion says: "Setting worthwhile objectives and explaining why they are 
worthwhile is one of the greatest aids to laboratory morale. Everybody 
wants to !eel that he is working on something important and that what he 
is trying to produce will be used if his activities are successful". 
Planning must also include consideration of the steps required 
to integrate the research and development activity into overall company 
activities. Stated another ivay, the production group must be aware of 
what the Research and Development people are doing and the Research and 
Development people must know what the production and sales people need. 
On its face this looks to be a completely naive statement. Two case his-
tories will dispel any doubts on that point. 
At a recent annual meeting of one of the national technical so-
cieties, a supervisor of design employed by one of the countries largest 
manufacturers gave a paper in which he described an unsolved difficulty 
with one of the products. When he had finished, a senior member of the 
research derartment of the same firm ros e to connnent on the paper and 
proceeded to describe a solution to the problem which had been known toihe 
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research group :for some time. In other words the results of research were 
communicated to the design people, tardy qy a considerable period of time 
and before a large audience. 
In a second example, a group of American scientists went to 
Germany after World Har II to ·study the German chemical industry. They 
:found the :files of the research department of one large firm to be crammed 
with wathwhile information which was not used qy management and apparently 
not even known to be available. 
This is really a problem of communications and it exists in all 
areas of management activity. It is perhaps a problem of lesser magnitude 
in the small company but one which nevertheless requires constant attention. 
ORGANIZATION 
Having established a plan for the company's future and the part 
to be played b,y research and development, an organizational set-up for 
condueting the R & D effort must be established. The organization will 
include all three of the following components in varying degrees: The 
Director, the Staff and Facilities. 
TI-T..E D IREC 'IDR 
Someone within the company must be given the responsibility and 
attendant authority to carry out the Research and Development plan. 1~o 
this man is will vary from company to company. He might be the President, 
Chief Engineer, Chief Draftsman etc. No matter what his title within the 
company, this man will probably hold the key to success or failure of the 
technical research effort. The assignment of this responsibility should 
therefore not be considered lightly. 
What are the particular attributes to look for when making this 
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selection. Steel Magazine* says he should be 'hand picked' and goes on 
to describe him in more detail. "C. C. Furnas in his book 'Research in 
Industry' (D. Van Nostrand Co., Inc. ) says 1 The research director's job 
is the most important one of all the technical positions in a company, 
and without danger of overemphaas, one of the most important in the en-
tire executive family, when the long-term success of a company is con-
sidered'. 
What kind of man should be be? Mr. Ingersoll says: 1We believe 
that the man who is responsible in a staff capacity for overseeing the 
research programs of our divisions and in a line capacity for the oper-
ation of our central research activities should be a businessman as well 
as a man who understands todays technology' tt • 
He may not be, and often isn 1 t the best scientist or engineer 
in the R and D group. But he is a leader who knows enough about develop-
ment to make decisions about present and future projects. Part of his 
job, according to A. C. Hall, general manager, Bendix Research Laboratory, 
is to see to it that the problem formulated is one that can be solved. 
He is capable of dealing with (and he reports directly to) top 
management. 
He is capable of directing scientists and engineers without 
dictating to them. 
He can evaluate an idea and know something of what it will cost 
to develop and how long it will take. 
He is qualified to evaluate his staff, to motivate it, and he has 
the authority to see that it is adequately compensated. 
*l.l pp 93-100 
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He is a businessman, thoroughly familiar i'lith the company policy 
and goals . 
Finally, he has the background to enable him to make two critical 
decisions . 
First, of all the projects in the hopper, which is the best 
gamble and should be started first? 
Second, as J. F. \.Jeiffenbach, Borg-Hamer's corporate director 
of research, says: "Part of his problem is to know when to quit--when is 
a project finished? Also when do you stop work on an uncompleted project?11 
Here his job is like playing stud poker. It costs him more f or every addi-
tional card he draws. The smart research manager, like the smart poker 
player, is the one tfho can tell by looking at his first cards whether he 
should stay in the game." 
The director's work assignment need not be a full time activi ty 
dependj_n.g upon the size of the company and the nature of the business. 
\ 
If it is a part-time activity particular care must be taken to assure 
that sufficient time is budgeted to cover the requirements of the -vrork 
and that the t:Une is used consistent l y and to advantage. 
THE STAFF 
The staff, . if any at all, will be tailored to fit the size and 
needs of the company. It might only be the director himself. 
11r. Miles Pennybacker, President of Voltarc Tubes, Inc., Nor.valk, 
Connecticut described the development group in his company before the l27th 
quarterly meeting of the New England Council~< . '!his company is a manu£~ turer 
in the electrical f ield having $1,000,000 annu~l gross sales. 
*4 
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nour company has two parallel development programs, one for 
equipment that -v;e make for our own use and for sale, another for new 
product development and product improvement. Each has an engineer in 
charge. The machine develoJillent is done primarily in a machine shop, 
with an engineer, a machinist and a helper as the staff. One or more 
of this group is occasionally made available on a loan basis to the new 
product development engineer, who is in charge of our laboratory. He 
has a laboratory assistant to tke routine readings, handle the clerical 
work, etc. And this laboratory performs a considerable amount of our 
testing v1ork on new products, on competitors' products, and the life 
testing of production lamps. 
We also have one project engineer, or more properly, an expediter, 
whose job it is to take products from the laboratory stage through the 
beginning stages of production until they can be turned over to production 
departments . 
Each of the two product development engineers is given a prior-
ity list of jobs, which is of course , revised periodically as conditions 
change. He has an over-all rudget for the year, and 1-1e try to budget, 
with his help, each individual project that is of consequence. In spite 
of this, i-le go haywire on particular items by spending more money on them 
than is reasonable. 
The two development engineers, the project engineer, and myself 
constitute a New Product Committee. We meet once in two weeks to revie1-1 
progress and to have a little brain-stor.mL~g session for new ideas. I 
take the responsibility for ehecking with our salesmen as to new product 
ideas or improvements that are desired, and get their reaction and cus-
tomer reaction to some of the alternatives and compromises that seem 
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indicated as we go along on new products.fl 
While on the subject of staff, it might be sell to repeat that 
the talents and abilities of present employees should be screened ver,y 
carefully before looking to the outside for new people. 
THE FACILITIES 
It is extremely difficult to say anything specific about facil-
ities 1-1hen discuss:ing a general problem area as we are here. Some general-
ities are certainly in order. 
The facilities must be adequate to meet the needs of any particular 
job. You cannot compromise the resnl ts of research by using inadequate 
facilities any more than you can compromise the quality of your product 
with inadequate production tools. In setting up the space and equipment 
deemed necessary it should be flexible enough to encompass future changes 
in the direction of the work. 
There are more than a dozen firms throughout the cotmtry at this 
vr.riting who will lease expensive electronic and other types of test equip-
ment. Leasing arrangements have all the advantages found in leasing pro-
perty or production tools. 
A librar-.f should be can sidered an essential part of t he R and D 
facilities. It can be as small as a few text books and space for pertin-
ent trade and technical journals but adequate space should be alloted. 
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Additional new pr oduct 
profit needed to sus-
tain growth of company 
Introduct ion Growth Maturity Saturation Decline 
Figure .3 
LIFE CYCLE CHART 
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CHAPTER IV 
Research Techniques and Sources of Assistance 
A small company has a particular problem in attempting to per-
form research and development in that it must accomplish the desired ends 
within financial and organizational limitations. It must therefore con-
sider means to attain its goals through special techniques with the 
help of outside sources of assistance. It is the purpose of this chapter 
to outline some of these techniques and sources. 
Each of these suggestions are supported by an actual case history. 
Group Effort 
The advantage of a group effort for small business is that each 
cooperating firm may supply a share of the costs for workers and facilities 
which it cannot carry alone. Working on a group basis is not simple, of 
course, when one considers the problems that will arise in determining 
how the costs will be distributed amongst the group, what type of facilities 
and personnel will be hired, and how the services of the laboratory are 
to be made available to the members. These problems can and have been 
solved. It will be seen in the two types of group effort described below 
that the group members must have some common denominator or basis for 
banding together. 
Association Research 
In a survey niade in 1953 for the Nationa.l Science Foundation 4417 
organizations classified as trade as sociations were questioned on their 
research activities. 
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Of the 247 responses, 319 or 16. 2% said that they actively sup-
ported research to the extent that they could report specific expenditures . 
The total amount spent exceeded $12,000,000 of which 75% was for applied 
research . These data are perhaps understated because some associations 
engage in exchange of information and other activities which they do not 
classify as 11supported11 research. A 1955 Survey by the U. S. Chamber of 
Conunerce shov1ed 46% of the associations responding engaged in technical 
research . 
a. nte Drop Forging Association 
The Drop Forging Association is open to membership to independent 
forging producers. One of the Associations activities is a Technical Re-
search Program. The purpose of this program is two-fold -- (1) reduce 
operating costs (2) improve product reliability. An independent laboratory 
~ms chosen to assist the Association in meeting its goals . One of the 
laboratories staff mgineers was appointed to serve as Technical Secretary 
to the Associations Operating Committee . In this capacity, he is required 
to assist the committee in formulating their research projects . He also 
serves as liaison between the committee and the project managers at the 
laboratory. Two specific projects, one in each of the areas mentioned 
above, can be noted briefly. 
The member companies felt that they each -rrere experiencing an 
inordinately high number of failures in the piston rods of their hammers 
giving rise to high maintainence costs and lost production. A project was 
set-up to study the cause of these failures and means to prevent them. 
The second project concerned the competitive position of the forg-
ing i.TJ.dustry compared to the casting indust!'}r in producing a given part. 
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It was the purpose of the project to demonstrate the higher strength of 
forged parts in certain applications under particular conditions of loading. 
b. The Association of American Railroads . 
This association is probably the largest in the country in terms 
of cooperative research. An extensive laboratory is staffed by full time 
employees of the Association. The research efforts can probably be cata-
loged under either of two headings , cost reduction or service improvement. 
A project jnvolving the study of wear of rails and wheels in order to 
improve the life of these two important components is an example of the 
first. An example of the second would be ·studies of means to load and uioad 
freight cars rapidly while providing maximum protection to the shipment. 
These t wo projects are a relatively small sampling of the work conducted qy 
this laboratory. 
Several other brief references to Association Research are in 
order. The American Iron ahd Steel Irctitute has sponsored to date, soroo 
$5 million dollars ivorth of cooperative research at Battelle Hemorial In-
stitute and the National Bureau of Sta~dards. The Alloy Casting Institute 
spends 65 per cent of its budget an contract research; this has now built 
up to a total of $1.5 million. 
Regional Research 
Several of the large not-for-profit-research institutions \·rere 
formed to supply a research capability on a regional basis . Battelle 
I'1emorial Institute, Armour Research F ormda.tion and the Southwest Research 
Institute are just three examples. Another similar organization currently 
in its initial stages of formation is the Frontiers of Science Foundation, 
Inc. in Oklahoma City. 
a. Frontiers of Science Foundation 
'!his organization was founded in 1955. Its purpose has been 
clearly stated:~*-
•To promote a broad understanding, throughout the state, of 
science and technology and the opportunitie s that will be ours through 
the full utilization of science in our future development; 
"To better prepare our young men and women to take fullest ad-
vantage of their opportunities and to discharge their responsibilities in 
this new age of science, and to assure them adequate facilities for 
scientific education at all levels; 
"To bring to Oklahoma research laboratories; to encourage the 
growth of industries based on science, and to promote basic research in 
our universities." 
Their Annual Report for 1957 lists twelve projects under the 
heading Information Projects and eight under the heading Education Pro-
jects. Seven Related Events are listed. 
One of the Information Projects was an International Symposium. 
In cooperation with the American Institute of Physics and the National 
Science Foundation, the Frontiers of Science Foundation organized and 
supported a one-day symposium on June 17, 1957, treating the problems of 
Oklahoma's neu frontiers: the frontiers of science, industry and educa-
tion. 
One of the Education Projects was titled "So You're Thinking 
About a Career in Science" . A 6-page guidance folder designed to stirulate 
youngsters to work in all levels of science and technology, and t o make 
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available to them sour ces of reliable irifonnation concerning careers in 
these fields, was completed during the year. Approximately 12,000 copies 
of the pamphlet have been distributed to Oklahoma secondary schools. Re-
quests for the. pamphlet are coming from all parts of the United States. 
b. New England Ccuncil 
The New England Council is an organization of members from the 
New England States representing indust~f, business, commerce and the pro-
fessions. Their activities cover a t-ride range of problems common to the 
six state area. One of these is technical research. 
Each year, the Council sponsors a 3-day research tour. These 
tours provide an opportunity to obtain ideas for new products to vi~~ 
research and laboratory activities and to see new production techniques. 
c . Worcester Chamber of Commerce 
The Industrial Bureau of the Worcester Chamber of Commerce has 
established a small staff of full-time consultants to aid directly the 
small businessmen of the community. The staff presently comprises four 
consultants, a manager and three secretaries. There is no fee charged to 
the recipient for these services as it is felt that the benefit inures to 
the community as a whole in terms of stable and expanding employment. 
Similar arrangements have been set up by the chambers of commerce 
at other New England Cities. In Lawrence, Massachusetts, for example, the 
Chamber has engaged a consulting firm rather than setting up its own staff. 
This firm, Cambridge Consultants, Inc., acts as a broker drawing upon pro-
fessors of nearby universities. 
Vendors 
Suppliers of raw materials and finished parts can often be of 
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valuable aid to small business in this matter of technical research. For 
the most part, this service l-Till be provided only by the medium and large 
sized firms . This assistance can take many forms. The followTing might 
be typical examples . 
A recent advertisement of the Amoco Chemicals Corporation, Chi· 
cago, Illinois, which is quoted below, exemplifies one of the types of 
help available . 
ncustomers receive not only the products they buy from us but 
also help in applying these products profitably. 
"This facet of our selling is so important to us that a special 
technical service laboratory has been established separate from our other 
research facilities. One day recently, a telephone call came of our lab-
oratory from a paint manufacturer in Canada who uses our PANAREZ Hydro-
carbons Resins . He ·was having problems with his aluminum paint formula-
tion. By 4:30 P. M. the next day, our technical service men had duplicated 
the formulation, isolated the problem and prepared several suggested 
solutions . The paint manufacturer had these suggestions less than 30 hours 
after his original call. 
'
1The broad interpretation that we have given to the tenn tech-
nical service is exemplified by our work on caulking compounds. For years 
manufacturers of caulking materials have needed better yardsticks for 
measuring the quality of their finished formulations . OUr technical 
service men developed three new tests for evaluating caulking compounds . 
They have thus advanced the industry's knowledge of what it takes to make 
good caulks . 
We think t~ t effective technical research is one of the ways to 
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win customers.'" 
The International Nickel Company provides an extensive service 
to nickel and nickel alloy users. This wervice begins with their exten-
sive research into new ways to use nickel and ends in, literally speaking, 
volumes of information being published and made available to anyone who 
requests it. One of their many lists of publications will be found in 
the Appendix. 
Suppliers of equipment often maintain staffs of engineers 
appropriately called Applications Engineers. Such service can be extremely 
useful in solving particular development problems involving the use of 
adaptation of stock items. 
Government 
Government aids to research may be obtained either directly or 
indirectly. Most of them are direct in nature. 
The most direct of all government assistance to product or pro-
cess research is to obtain the complete results of a government sponsored 
research effort. It is estimated that about half of total annual national 
expenditures for research and development come from the national treasury. 
This amounts to a sum in the neighborhood of four billion dollars. The 
results of this research are published in many places and forms. A few are 
listed belmr: 
1. Department of Conunerce, Office of Technical Services. 
"U. S. Government Research R~orts·u. 
2. Professional society meetings, transactions and pro-
ceedings. 
3. Trade and professional journals 
4. Anned Services Technical Informatj_on Agency. 
Title Announcement Bulletins available to govern-
men t contractors. 
5. Guide to Atomic Energy Literature for the 
Civilian Application Program. AEC . 
The Reader's Digest* recently documented hm-1 this assistance may 
be used. 11Dr. Harris P. Parmele, Lorillard 1s research director, had barely 
begun the search for a more suitable filter material when he got what 
seemed like a lucky break. The Atomic Energy Commission declassified a 
technical report describing an aerosol filter containing crocidolite (a 
kind of bluish asbestos) which was used to remove radioactive particles 
from the air in AEC installations. Lorillard developed a filter-tip made 
of cotton fibers containing crocidolite and the Kent cigarette made its 
debut in early 1952." 
The results of this research in terms of corporate growth and 
profits have been almost unbelievable. It is of importance to note that 
the key factor here was the man who was vitally instrumental in effecting 
the translation from the government research report to the companies pro-
duct development program. 
As a second example consider=: a feature article which appeared 
recently in Iron Age Magazine-a Here is a three-page description of a test 
program at the \!Jatertown Arsenal Laboratory of the United States Army which 
led to the development of an electronic signaller which reduces quench-
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crackLng of steels . The lead paragraphs state the meaning of this develop-
ment quite clearly. 
"'If you heat treat steels, you don ' t have to be told that quench 
cracking is a serious problem. It 1 s plagued heat treaters with heavy ex-
pense, bushels of scrapped pa r ts . ~1e electronic signaller is an ingen-
ious approach to the problem- one that can help many heat treaters" . 
'Ihis article contains a rather complete documentation on this 
development . Assistance on setting up a unit in a commercial shop can be 
obtained from the Arsenal personnel ~mo worked on the project. 
The Department of Commerce has published a short bulletin which 
describes the publication service of its Office of Technical Service . 
'Ihis bulletin is entitled "How Industry Uses United States Goverrunent Re-
search11 . It is reproduced in the Appendix. 
'Ihe small business administration has published in cooperation 
with the Department of Commerce a b:>oklet describing "Federal Policies 
and Programs that Benefit Small Businessn .* The following quote is taken 
from the section of Technical Services and Advice : 
"Although the Federal Government has often been commended for 
the technical services that it extends to farm operators through its Ex-
tension Service, there is less widespread recognition of the variety of 
technical services which are provided to business, especially to small 
concerns, through various Federal departments and agencies . The most im-
portant of these programs are described below. 
The Office of Technical Services of the Department of Commerce 
assembles and distributes teclmical and scientific information, particularly 
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that resulting from government or government-sponsored research of a non-
classified character, responds to questions from the business community on 
technical and scientific matter, and publishes numerous reports of in-
terest to business concerns . Amqng its publications are U. S. Govermnent 
Research Reports, which contain sunmmries of detailed reports of research 
findings likely to be of interest to business firms; the Technical Re-
ports Newsletter, which covers reports that are of special interest to 
small business; the Patent Abstract Series and Supplement, published 
jointly with the Small Business Administ r ation (SBA), which gives abstracts 
of government-owned patents, along wi th information on how to obtain t heir 
use on a nonexclusive, royalty- free basis; and Developing and Selling New 
Products, prepared in collaboration with the Department's Office of Dis-
tribution, and also published jointly t-rith SBA. 
The Office of Technical Services make available to business con-
cerns research reports of the Atomic Energy Commission. The Office i s 
also prepared to supply photostat or microfilm reproductions of all non~ 
classified reports of the Connnission 1-rhich are not available in printed 
fonn.. 
Finally, through its Commodity Standards Division, the Office 
works with groups of tusiness firms seeking to improve the quality of thejr 
products and to reduce costs through standardization. 
The Office of Distribution of the Department of Commerce provides 
technical servic es and guidance in the field of marketing . It publishes 
the Distribution Data Guide, a monthly bibliography of marketi~g infor-
mation; issues a series of Business Service Bulletins giving information 
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on product development, use of materials, trade practices, operating and 
accounting systems, business location, sales training, etc; and publishes 
a series of reports on operating ratios and materials designed to aid in 
estimating capital requirements f or firms in the wholesale , retail, and 
service lines . The Office also makes special analyses of census data to 
help businesses evaluate market potentials . 
The Department of Commerce's Business and Defense Services Ad-
~~nistration (BDSA) aids businesses with production problems through its 
various Industry· Divisions . Continuing contacts beb1een these Divisions 
and industry officials are provided by Industry Advisor-.r Committees, on 
which both large and small canpanies are represented. An important part 
of the work of the Industry Divisions is to collect information on in-
dust~J conditions and on new product and technological developments, and 
to transmit this, through their Industry Reports, to trade journals and 
trade associations for the benefit of business concerns . Both the Office 
of Technical Services and the Office of Distribution are divisions of 
BDSA. 
An entry in a recent issue of Distribution Data Guide{!- refer-
enced above is reproduced below: 
"97 . 31 PACKAGING AND NATERIALS HANDLlliG 1941.- 57 ( CTR-72) . Revised 
June 1957 . Catalog of 118 technical reports, representing results of re-
search performed by Government laboratories or other~search facilities 
tinder contract to Army, Navy, Air Force or other agencies, some German 
documents captured by Allies in World War II . Listed reports available 
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either from OTS in printed form or the Library of Congress in microfilm or 
photocopy only. Office of Technical Services, U. s. Department of Commerce , 
Washington 25, D. C. 8 pgs. $.10. 11 
The Small Business Administration has available a considerable 
number of publications under the headings Hanagement Aids , Marketing Aids 
- and Technical Aids. A listing of these aids and hov.r they may be obtained 
is reproduced in the Appendix. 
The quasi-governmental agency, the National Research Council of 
the National Academy of Sciences, a.lso publishes research papers coveri ng 
a wide range of subjects. A list of these publications may be obtained 
from the Publications Office of the Council at 2101 Constitution Avenue. 
The principle indirect government aids to research and develop-
ment lie in the field of taxation. Foremost of these is the liberal tax 
treatment of research and development expenditures . 
Consultants 
Under the general heading of soncultants we can list a group 
make up of (1) consultants (2) independent laboratories (3) research in-
stitutions and (4) universities. Basically each of these performs the 
same function -- supplying a research and development source to industry. 
The operations of each a.re quite similar except that the larger organizations 
might set a mLTlimum dollar value on projects which they -vdll undertake. 
Before setting out to pick the research organization to help 
in carrying out your plans there is a preparatory step vihich you should 
take . Melvin Mandell has stated this step clearly in an article 1-rhich 
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appeared in a recent issue of Dun's Review and Modern Industryl~ . 
••First make sure that you want research and not just technical 
advice or routine testing . There are plenty of technical consultants and 
testing organizations available , although such services are also available 
from most research laboratories . 
"If your company has a technical staff of its own, have it make 
an initial technical evaluation -- even if you have already determined 
that its members are unqualified (or are too busy) to do the complete job. 
This step, by clarifying the problem, will help you select a research out-
fit -- and it will also train your staff for the vital job of liaison with 
the outside researchers . 
nrr you lack a technical staff, don't be afraid to call in an 
outside research group to define the problem (a vital step in all research) 
and help you determine what you want in the way of a solution . Or, you 
might consider hiring a consultant to make the initial evaluation; later 
he can act as your liaion man with the research organization. V.Jhere the 
problem calls for a considerable expenditure in a little-known field , you 
might even consider having one or more research organizations make a techni-
cal evaluation or "literature ·search11 (a study of all prior publications 
in the field, foreign as well as domestic) before letting a contract 
that calls for actual experimentation. fl 
In choosing a research organization, it will be found that most 
of them offer a range of services covering a number of technical fields . 
Closer eY~nation will usually reveal that each of them has a particular 
field of specialization for which it is expecially well- known. If your 
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problem is specific in nature, you would be well-advised to seek out the 
laboratory which has the necessary experience. See Table IV, Page 56 for 
a list of contract research organizations. 
Engaging an outside research group to perform necessa~J Research 
and Development does not absolve the sponsoring company of further respon-
sibility. It is a ~~tter of fact that those companies who att~npt to 
understand their probl~s before calling in a consultant and then work 
closely vlith the consultant always reap the greatest rewards in applying 
the results of the research. 
This can best be accomplished by assiging someone from your 
own company to maintain liaison with the research organization . Thie per-
son should, of course, be tecrmically proficient in the area in 1vhich research 
effort is being conducted. Bear in mind that there can be too much liaison 
as well as too little. Constant contact with the research organization can 
be upsetting. Also, every time the liaison man ties up the project ~der 
;.rith queries, the client is charged for the time involved. 
-
There are at least two other important points to keep in mind 
when dealing ;.Jith consultants. The first of the ::: e is that you must take 
the consultant completely into your confidence. In order to serve you to 
the best of his ability, the consultant must have the opportunity to 
obtain any information 1r1hich he deems necessary, Remember that consultants 
are engaged because of their expertness in their particular field and 
therefore know what information is important to the completion of the pro-
ject. Research laboratory managers and consultants are professional 
people and as such their integrity is of the highest order. 
Secondly, the fttil benefits of any project cannot be realized 
unless the consultant is given an opportunity to follow-up his work in 
LISTING OF CONTRACT RESEARCH ORGANIZATIONS 
Table V 
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1 . Industrial Research Laboratories of the United States, Tenth Edition 
1956. Publication No. 379, National Academy of Sciences, Washington, D.C. 
$10.00 
2. Directory of the American Council of Independent Laboratories, Inc. 
Sixth Ration, 1956. Available on request from the ACIL, 4302 East-West 
Highway, Washington 14, D. c. 
3. Directory of Industrial Research Laboratories in New York State, 1954 
Available on request from the New York State Department of Commerce, 
Albany, New York. 
4. Directory of Member Institutions, Engineer:ing College Research Coun-
cil. The latest edition may be obtained by writing, Secretary, ECRC, 
New York University, Nmv York 53. $2.00 
5. Directory of Cormnercial and College Laboratories, l-iiscellaneous r'ub-
lication M187 . U. s . Dep:irtment of Connnerce. National Bureau of Standards . 
$ .35 
6. The Classified Telephone Directory under Research Organizations . 
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in order to see that the intent and meaning of his recommendations have 
been properly interpreted and applied. 
A case history describing a typical project will show the type 
of projects which can be assigned to outside laboratories. 
A major manufacturer of accessory- equipnent for neivsprint 
machines learned that plans were underway -for larger paper making machines 
capable of higher output . Employing a good measure of foresight , the 
manufacturer decided to conduct a study of the new requirements to de-
termine if his product, a doctor blade support, would meet specifications. 
An independent research laboratory having the required field test equip-
ment and trained engineers was asked to assist in the study. 
Field surveys and tests were conducted to obtain operating and 
environmental data on typical machines. The measurement, reconding and 
interpretation of vibrations was of particular importance . The result-
ing d?,ta -vrere studied in detail and extrapolated to f orm a prediction of 
loading on the new larger machines. These studies resulted in several 
alternative recomme~dations based on the availabili ty of standard 
structural shapes in steel and comparative fabrication costs . A satis-
factory design which anticipated futtiTe requirements was evolved from 
these recommendations. 
Other 
Professional societies 
We have already seen how the professional societies, scientific 
and engineering, publish results of research in their various journals 
and proceedings . In Chapter II, 1'What is Technical Research", two re-
ferences were made to papers presented in the Journal of Physics , a pub-
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l i cation of the American Institute of Physics. 
A host of other examples of this sort could be cited. At the 
Annual Meeting of the American Society of Mechanical Engineers in New 
York City in December 1957, a paper entitled Production Research in 
Netal Cutting* was presented. The paper was read by Mr . M. Eugene Mer-
chant, Director of Physical Research, The Cincinnati Milling Hachine 
Company. The Introduction is quoted below. 
11The machining of metals is such a vital process that it can no 
longer be taken for granted. Actually, the process is very amenable to 
improvement through engineering and scientific research, and the applica-
tion of scientific methods. 
The annual direct cost of production-machining operations carried 
out in the United St ates alone exceeds $10 bil lion. Because industry is 
no-vr entering an era of utilization of h:i,:gh- sirength, high temperature-
resistance, high melting-point metals whi ch represent an increased level 
of difficulty in machining, empiri cal pr ocedures no longer suffice . 
Machining is an engineering process, utilizing materials and 
energy to produce useful goods, and such as is underlain by broad scientif'ic 
principles which cut across the boundaries of specific types and fields of 
machining . 'Ihe ".actions occurring in the process include plastic flmv and 
fracture, rubbing friction, heat flow and transfer, wear, mechanical vib-
rations, intermetallic bonding and diffus ion, generation or thermoelectric 
voltages and chemical reactions with the cutting fluid or environment. 
The understanding of such actions and of the part they play in the metal-
cutting operation, holds the key to real engineering advances in the field 
Thus for metal-cutting research to be truly efficient and productive, 
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what is required is a unified attack, both basic and applied, employing 
all of the physical sciences and engineering. 
As a case study, the research program of the author's company is 
described . To insure unity of approach, the program is concentrated in a 
s:ingle department. Within this dep:1rtment, responsibility is defined 
for definite scientific and engineering fields, including metallurgical 
research, physical research, dynamics research, physical-chemistry re-
search, and basic and applied process research in machining, grind:ing and 
production engineering. 
One important problem is that of reducing the wear of cutting 
tools . Its importance stems from the fact that tool wear, as such, is 
the prime factor controlling the cost per piece of parts turned out in any 
machining operation . Machining costs are composed of tviO parts - - those 
determined by the time required for metal removal and those determined by 
the time spent on changing and sharpening tools . As tool 1vear is de-
creased, both sources of cost decrease . In the case of metal- removal 
time, the benefits Of reduced tool wear can be taken out in terms of 
increased speeds and feeds, thus lowering the metal removal time per 
piece . In the case of tool-changing and reconditioning time, reduced tool 
wear will result in less frequent changing and shapening of tools, re-
ducing the time per piece charged to this . Thus reduction of tool wear 
arrived at by improvements to the machining process, reduces both sources 
of machining costs -- as such, it is a prime focal point in any cost-
targeted metal-cutting research program. 11 
The paper goes on to discuss this subject under the headings: 
Basic Process Research 
Metallurgy 
Physics 
Dynamics 
Physical Chanistry 
Applied Process Research 
Production Engineering Research 
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Of course, it is not possible to attend all of the technical 
society meetings v-rhich are pertinent but it is possible to obtain paper 
titles and abstr acts in the varj.ous publications of each society. 
Associations 
Trade associations have been discussed previously in this Chapter 
as a means and a source for technical research. Here vle shall look at the 
assistance Associations can render in distributing the results of their re-
search to non-members in other industries. Consider the Lead Industries 
Association with headquarters located at 60 East 42nd Street, New York City 
as an example. This Association has 69 members located in various parts of 
the -vmrld. They publish a periodic information bulletin called simply, 
"Lead"* from which the following quote is taken. 
1
'Design and construction of Calera Hining Company's Garfield, 
Utah, cobalt refinery five years a go offered a ntunber of unusual and 
difficult problems which had to be viorked out by Chemical Constructi on Co., 
l.ffiich ooveloped the process, and Calera's parent company, Howe Sound Co. 
~Jot the least of these was the design of the exidation autoclave, a cylin-
drical pressure vessel 40 ft. long and 6 ft. in diameter which had to 
operate at 600 psi, in' a temperature range of 400 to 450 degrees F. 
"Originally of carbon steel construction, internally clad with a 
10 per cent type 316 stainless steel, it was coated "rith Epon paint, 
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followed by glass cloth and asbestos paper both applied with sodium sili-
cate, and a final lining of one course of acid-brick. The oxidized 
solution slurry contained 30 per cent solids in the form of iron arsenate 
and calcium sulphate and had the following approximate analysis: 
Cobalt 
Nickel 
Iron (ferrous) 
Iron (total) 
Copper 
Arsenic 
Hz504 (free) 
Grams/Liter 
60-75 
2-3 
5-7 
10- 12 
2-4 
2-4 
100-250 
Just two years ago the brick lining showed localized failure and 
examination, during repair's, revealed coiTosion of the stainless and de-
terioration of the other supplementary materials . As a result, the vessel 
was completely relined using a 12-lb. sheet lead membrane, glass cloth 
and asbestos paper applied with sodium silicate and one course of acid-
brick . This was based on the knowledge that lead and lead wool in the 
environment had good corrosion resistance as long as it was not subject 
to abrasion, spashing or washing action. 
"This lead was purchased in 9 foot by 25 foot rolls, cut i n 
lengths approximating one-half the vessel's circumference and placed so that 
seams were staggered. All seams were burned and lead nozzle liners vTere in-
stalled and burned to the shell liner. During installation and burning., 
overhead lead sections were supported by a 3/4 inch plywood template., a 
segment of a cylinder about 6 feet long, supported b,y cables passing thro~h 
nozzle openings . The template -vras removed after the brick lin:ing had been 
installed a course or so above the autoclave's horizontal center line. 
" 
1 Tell-Tale 1 weep holes were provided in the • shell to give warning 
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of leaY~ge but recent examination of one of the nozzles showed the lead 
liner to be in excellent condition with a good oxide or sulphate coating 
and apparently original thickness. 
11Linings of this type -- a lead membrane with acid-brick to pro-
tect the lead from abrasion or erosion and to insulate it against hi gh or 
fluctuating temperatures -- have given excellent performance in many similar 
installations. Lead acid-brick construction is ideally sited to such use 
in both new and repair-type construction." 
''Big11 Business 
Assistance from big business has also been discussed previously 
in this Chapter under the heading 11Vendors11 • In this section, we shall 
consider aid which may be obtained from firms who are not suppliers to 
the recipient firm. As a case histor,r, let us look at the relationship 
between Western Electric Company and the Texas Instruments Company. This 
case can be told in the words of Mr . R. W. Olson, Vice-president - Research 
and Engineering for Texas Instruments as reported to the President's con-
ference on Technical and Districution Research for the Benefit of Small 
Business.* 
1~estern Electric, primarily through Bell Laboratories , gave us 
at very modest cost, the technology to start in the semiconductor business. 
'Ihe information was presented to us far more vividly and expertly than 
any consideration of ethics, the laws governing competition, defense needs, 
or literally any other possible factor, would require. 
11The broader point I 1..:rish to make, however, is that the recipient 
of technical help under patent license, such as that so abundantly supplied 
by Bell Laboratories in this specific case, must be able to go on vigorously 
* 18 P• 
63. 
from that point by himself. He must not expect spoon feeding throughout 
an extended period of infancy. He must quickly develop competence, and 
preferably expertness, on his own. 
"Expectation of overprolonged spoon feeding will lead to a 
quiet, unspectacular demise as the application of the spoon becomes more 
grudging and the contents of the spoon diminish in measure and nourish-
ment . That such a trend should develop is understandable enough the 
licensor company has his o'Wrl competition and his otm urgencies. He can't 
care for some one else to his own detriment. 
11Texas Instruments, after receiving its introduction and entry 
to thesamiconductor business, put forth a t~1ly prodigious effort to make 
a success in its newly-chosen field of endeavor . We spent literally piles 
of money -- less, however than we had planned. More correctly, I probably 
should say that T.•Te got sizable income in the field earlier than vre expected. 
Even so, it was several years before we succeeded in getting into the 
black, after which we found ourselves -viith very substantial engineering 
costs to be amortized. 
"Now, horrever, -v1e have a very substantial business where none 
existed as recently as early 1953. 
"The conclusion to be drawn from our experience is obviously 
this: That there is abundant help to be had by the small company fran 
the large company, even the possibility of quickly developmg a rather large 
chunk of business, but that the small company must be prepared to make f ull 
use of it . Being prepared, involved as a minimum, the following: 
A. A solid technical staff in being 
B. A sound organization en which to grovi the necessary additional 
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or enlarged f"Wlcti ons involving : 
1 . Engineering 
2. Marketing 
3. Manufacturing 
C. Financial strength 
trCon sider first the need for a 1 sound technical staff in being. t 
it1'I'he recipient organ i za tion, in order to utilize the help avail-
able in the form of patent license and supplementary assistance, will 
need, first of all, one engineer or scientist as the project leader. 'Ihe 
characteristics of this man, the key figure in the entire undertaking, 
must include at least the follmv.i.ng: 
1. Technical ability sufficient to gain and hold the full 
respect of the licensor organization 1s teclmical staff. 
2. Conpetence which has brought him the full confidence 
of his own company ' s management -- a confidence based 
almost always , on his own successful completion of more 
than one important tech..Tlical project. 
3. Business ability, since, it is logical to assume that 
he may 1 graduate 1 from engineering to management, should 
his company be as successful in building a business around 
its patent license as Texas Instruments has been . 
"I might add at this point that the project leader must himself 
possess , and must be abl e to project throughout the staff and organization 
he wil l build for the undertaking, a spirit of complete dedication to the 
new project which will persist throughout the difficult and frustrating 
pe ·ads which lie ahead. The possession of this esprit de corps is of 
aunt importance . In simplest ~rms , he must have the guts himself, 
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and must inspire his organization to work days, nights, and Sundays, not 
occassionally but for months, even years . They must all visualize, vividly, 
the main chance ahead of them. 
·"But to return t o our ABC •s and my first point, which was the 
need for a strang technical organization by the licensee. This strength 
must, first of all, be sufficient so that removal of an outstanding man 
possessing the characterictics required in such a project leader, will in 
no manner appreciably deteriorate the continued successful functioning 
of the company itself. This is of vital importance inasmuch as the com-
pany will have to maintain its profitability for some time to come in 
order to provide the funds to finance and exploit any important net-T field 
opened by the patent license . 
"And let me emphasize right here that the new project leader 
must be relieved, absolutely, completely and irrevocably, of all his for-
mer duties, since he will be, literally and figuratively, up to his ver,y 
ears in the problems of his new project. 
nrt is my belief, and my recommendation that his former job be 
filled qy an extremely competent 'comer' who, in order to prove himself 
in his broadened opportunity, jealously and zealously will shield the 
new-license- project-leader from any and all carry-over from his former 
job. 
"Failure in either of these rE!pects, I believe, is almost sure 
to doom the project. 
"Consider now the need for strength of organization in aspects 
other than technical. Presumably there is but one reason for a company 
to take on a patent license in an important field. That is to gain new 
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business . If this be true, it can be assumed that the company plans 
either to build a new business entirely or to supplant a declining phase 
of its operation with a new one. In either case , changes of ccnsiderable 
scope will be required in at least three principal areas , those of engineer-
ing, marketing and finance. 
"And again I 111Ust caution that these changes must be effected in 
a manner which will not reduce the 'going-concern' aspects of the company 
because it will be taxed most substantially to support its entry into the 
new field. 
nunless the patent license is in an extremely simple field of 
technology -- in which case there is considerable doubt as to whether a 
license would be taken -- it is most likely that it will require dispro-
portionately heavy engineering farces quite in addition to that paragon 
among Supermen, the project leader. And be it remembered that this burden 
too, must be successfully assumed without jeopardozing the effectiveness 
of the company's regular engineering organization. 
nsecondly -- and this is placed in second order only because our 
primary concentration in this meeting is with the technical side of the 
program -- one must consider marketing . 
"Even before negotiations for the license are undertaken, the 
company must have assured itself that a suitable market could be generated 
for the newly licensed product, if any chance at all for the success of 
the undertaking is to prevail. 
"And if the resultant product does not fit readily :into the com-
pany's existing product line, some rather significant changes will be re-
quired in its marketing organization. 
f 1When entering a new field by the patent license route, or for 
that matter, any abrupt venture where heavy expenses and large capital in-
vestment are required before returns ca.l'l be expected, it is vitally im-
portant that the marketing effort be directed toward developing the maximum 
market for early deliveries . If for no other reason, this is urgent be-
cause of the morale factor within the organization. 
"An unusually high degree of understanding, enthusiasm and fore-
bearance will be required of the marketing people during the early stages 
of product delivery. Manufacturing difficulties, frequently rooted in 
engineering problems, will lead t o delivery schedules which are anything 
but smooth . Customer satisfaction l-lill be most difficult to achieve to 
put it mildly. 
" In the manufacturing area, too, people of the ver-y highest com-
petence will be needed. In fact, it is highly probable that entirely new 
techniques will be required. In our own case at Texas Instruments, we 
found it best to set up a completely new integrated division for the oper.P 
tion just as quickly as anything resembling a business operation had 
developed. And we did indeed, graduate our Engineer Project Leader from 
eng:ineering to management. 
11I would be less than honest if I did not at this time point out 
that I am merely a chronicler of Texas Instruments success in transistors 
and not a principal contributor. 
nTexas Instruments, starting with the Bell System patent license 
in 1952, planned from the outset to be a large producer of transistors. 
Our success to date can be traced not only to our having met the require-
ments I have outlined here, but even more importantly to two outstanding 
events: 
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IIFirst, the development of silicon transistors - not the techni-
cal demonstration of the feasibility of making silicon transistors (undoubt-
edly several laboratories build 1onsies 1 and 1tlvosies 1 before we did) but 
the commercial development of silicon trans istors in large volume. This 
we did in the Spring of 1954. It \,ras a real breakthrough. It was t wo 
years later before 1ve had any effective competition in silicon transistors. 
11Second, the commercial development and supply in quantity of 
radio transistors in the fall of 1954. This introduced transistors into 
the consumer market. 
1~oth of these events qualify as breakthroughs. They are not 
tec:b,nical breakthroughs others had laboratory models before us. They are 
commercial breakthroughs, combining engineering, manufacturing and market-
ing. They mOired the whole transistor business ahead "b~J tlvo years. 
"Although not generally anticipated at the time, these products 
-vmre to give us the largest dollar volume in the business; a lea.d l·lhich \·Je 
still have, and are still broadening. 
"Here, then, is a spectacular example of what a small company 
can do 1<1i th technology available from a larger company under patent lic-
ensing -- an operation grossing several million dollars a month where 
none existed five years ago. 11 
Libraries 
Another powerful source of help to small business are the t ech-
nical libraries. These may be either .public libraries or those connected 
to universities or Lnstitutions. The Carnegie Library of Pittsburgh has 
recently published~:- a series of case histories which 1.vill prove this point. 
Two of these are quoted below. 
-r.-18 P• 
One of the problems I would like to mention today came from the 
firm of J. W. Woomer and Associates, engineer:ing consultants . They were 
faced with investigating the character of certain types of iron ore to 
determine what processing could be done to make the ore suitable for blast 
furnace and open hearth use . 
An exhaustive literature search was undertaken to cover these 
aspects . Then it was caiTied further to determine lvhat had been written 
about the ore's sintering characteristics . 
We coopeated with one of t he firm's engineers who worked in the 
library. As the bibliography was be:ing compiled, he read and abstracted 
t e references. This brought to light a number of articles of primary 
interest which uere photostated at once and sent to the men working on 
these problems for j.mmediate study. 
Not only did we search the various indexes mentioned b,y Mr. 
Shipman, rut also such sources of subject information as the: 
(1) I ron and Steel Institute Abstracts 
( 2) 
(3) 
( 4) 
Battelle Technical Review 
The ASM Review of Metal Literature 
and abstracts in the German Stahl und Eisen. 
This search provided the underlying knowledge or background in-
formation which could be applied to the problem at hand. It resulted in 
the adoption of an existing process. 
In a comparatively short time, a literature search provided the 
necessary data whi ch enabled their engineers to begin working where others 
had left off and to make use of what others had discovered. 
Another firm wanted to determine what had been done previously 
about mining techniques in the Louisiana salt domes . They were interested 
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in appraising the domes and determining their characteristics, in order to 
approach the proper mining techniques. 
The Library's role was to conduct a broad search to find 1v-hat 
was known about the domes and what had been -v;ritten about mining methods. 
The crux of the problem dealt with exploratory drilling . 
By acquir:ing a knmlledge of the condi ticn s of the domes, it 1vas 
hoped a technique could be developed to meet the conditions . 
Here again we used special research tools such as: 
A. Topographic quadrangle ma_:e~ of the U. S. Geological 
Survey. 
B. The U.S. Government Research Reports . 
C. Bibliography of North American Geology. 
D. Geophysical abstracts and other publications issued b.r 
the Buea.ru of Nines . 
The basic knowledge, the underlying information, and fundamental 
data were provided by this survey so that the engineering lvork could be 
developed. 
CHAP'IER V 
Budgets and Costs 
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A si@'lificant part of the planning and control of research and 
development is in the area of budgets and costs. In the long term analysis 
research must return a profit and this can be done only if some control 
over costs is exercised through the use of Budgets. 
Research and development are rather unique in the way in which 
costs can mushroom to the point where they are completely out of propor-
tion t o any hopes for returns . 
In order to establish a budget, some ideas of the individuals 
costs involved are necessary . 
Costs 
The principle costs involved are for people and facilities . In-
itially, the facilities costs will predominate while in a going organiza-
tion direct labor costs will predominate . Other costs will be for the 
usual overhead items and, depending upon the nature of the work to be don~ 
an indeterminate amount for expendable materials which >o~ill be used in the 
research programs . 
Costs for research facilities will , of course, depend upon the 
requirements of the work to be done . A good microscope can · e had for a 
few hundred dollars , a tensile test machine for several thousand dollars 
and a spectograph for hundreds of thousands of dollars. When setting up 
a laboratory, an estimate of the project mix must be made . This will per-
mit an evaluation of the kinds of equipment necessary. Costs for t his 
equipment can be readily determined from manufacturer 1s and suppliers 
catalogs . As stated in the previous chapter there are several companies 
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leasing various kinds of equipment useful in research and development. 
The costs for capital equipment can also be mitigated by employing outside 
laboratories -- university, institute and independent. 
The u. S. Department of Commerce has prepared a lengthy report-:~ 
on Research and Development which surveyed the performance of many labor-
atories. In this report, the costs TN"ere presented on the basis of dollars 
per worker. If, as stated above, the niajor costs are salaries, this 
measure will ~e quite significant. The results of this survey are pre-
sented by industries in Figure 4. Here >tre see the average costs per re-
search worker vihich includes support personnel, are $10,000 annually. In 
those cases 1~here the research and development frmction is a part time 
activity of one or more members of the company staff, this fact will be 
reflected in the annual cost per 1wrker. 
Budgets 
Having established some brief measure of the basic costs of re-
search, we can proceed to the subject of budgets. The availability of 
funds will always be limited. This is just as true for the small business 
as it is for the large business. I.n setting up a budget for r esearch and 
development, the foll01ring two basic questions must be ansvtered . 
1. What total sum can the company afford to spend each year? 
2. wnat is the practical limit for each individual project 
in relation to the possible retun1 ? 
In answer to the first nuestion Rand D expenditures must bear 
some relationship to sales and/or profits over the long term. 
vfe see, therefore, many references to R and D costs as a percent-
age of sales. This is a natural ccurse and in many ways quite realistic. 
~:-19 
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One major disadvantage should be pointed out. Research and Development is 
essemtially a long term venture in that projects Hill usually e xtend over 
periods of several years. In a previous chapter was seen that the total 
elap sed time from concepti on of an idea . to marketing a product may average 
five to seven years. The possibility of successful completion of any 
project should not be jeopardized by tying the funding process to the 
yearly fluctuations in gros s sales. It is seen immediately that there ivill 
be no difficulties in this regard in periods of level or rising sales . 
Careful consideration should be given to t his matter in periods of declin-
ing sales. 
Reference to R and D costs as a per cent of sales can be useful 
in comparing an individual companies effort in compari s on to other com-
panies in the same or a similar industry. The data in Table VI on this 
subject are reproduced from the U. S. Department of Commerce report refer-
enced above. 
In Ju.ne of 1954, the Department of Industrial Engineering at 
Coluniliia University sponsored the Fifth Annual Conference on Industrial 
Research.~!- Three papers presented at these meetings present three different 
formula methods for determirling budgets for R and D. These papers are 
summarized briefly here. These formulas are not to be construed as an in-
dication of the exactness by which budgets can be established and evaluated. 
They do present useful guideposts ho1~ver . 
1 . Dr. Fred Olsen, Vice-President for Research, Olin Industries 
Dr . Olsen suggests the following f ormula: 
Value of new products : Estimated Index of Return x Probability of Success 
Estimated cost of Research 
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where the Index of Return is equal to the sum of (1) the value of the pro-
cess savings for one year (2) three per cent of the sales value of new 
products each year for five years (3) two percent of the sales value of 
improved products each year for two years . 
These figures are arbitrary in nature but there was agreement on 
them by all parties in the company concerned ~orith the evaluation. 
The estimate on probability of succes s can only come from exper-
ience with other projects of a similar or related nature . Several surveys 
have indicated that this factor may be as low as 10% or 20% . At Olin 
Industries, the value of the right hand side of the EqU.aticn given above 
must exceed 3 in order for the project to be considered worthwhile . 
2. C. E. vlaring, Vice-President, Davison Chemical 
Mr . Waring suggests that the research program should be designed 
to fit the capital resources of the company . He believes that in the 
chemical industry, one dollar should be budgeted to research for each three 
dollars of capital expenditure. 
Mills . 
3. Mr. Ralph Manley, lvlana.ging Director , Research Labs, General 
In this case the fonnula is as follows: 
R ::: 2( O. OlYNS-P-W) 
where 
R = R & D costs before taxes 
Y =- recoupnent period (period in which all costs have to be 
recovered) 
N = minimum acceptable net profit an sales 
S = annual sales volume on new product 
P = plant investment 
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W = working capital 
This formula is rather inclusive in that it considers sales, 
profits and requirements for capital and plant investment. 
Professor A. H. Rubenstein of H. I . T. has pit together a rather 
comprehensive bibliography of references on the subjects of ( 1) selec-
tion of projects (2) control of costs (3) preparation and size of budgets 
(4) duplication of effort and (5) appraisal of research program. This 
bibliography was orig:inally published in the Harvard Business Review 
for May-June 1957. A copy is bound in the Appendix of this thesis. 
The administration of Research and Development requires a new 
concept of treasureship because an imagination beyond that needed for 
account:ing is i mportant . The treasurer will have to check budgets and 
evaluate costs and must therefore develop the necessary imagination . 
Financing Research and Development will place additional 
burdens on the treasurer which he must be prepared for . 
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Per 
Research· 
ltlorker 
Per Research Engineer or Scientist 
Dollars - Thousands 
0 0 10 20 
Motor Vehicles 
Electrical Machiner.r 
Aircraft 
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11achinery 
Instruments 
Chemicals 
Non }.1anufacturing 
AVERAGE COSTS PER R~·EARCH WORKER 
Figure 4 
from u. ·s . Department of Commerce, Bureau of Labor St~tistics . 
and Development in American Industry. Bulletin No . 1148. 
Office. Washington D. C. 19.53 
30 40 50 
Scientific Research 
Government Printing 
60 
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INDUS'IRY per cent 
Aircraft 13 
Electrical Machinery 7 
Instruments 6 
Chemicals 2.!. 2 
Machinery 1! 
Hotor Vehicles 1 
Petroleum Refining 3/4 
Non I-fanufacturing 2 
COST OF RESEARCH AS A PERCENT OF SALES 
Table VI 
from - same source as figure 4 
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SUMHA.RY 
During the period i.11 vihich the research for this thesis was 
done and the vJriting accomplished, the nation has experienced the pass-
ing of the peak in a business cycle. At this writing we are in a re-
cession period, the depth and length of which can only be estimated by 
the experts. Annual reports for ·the year 1957 show, in almost every 
case, a decline in profits. Business failures are on the increase . 
The government at all levels is considering, or putting into effect, 
anti-recession measures . All of the classical government influences 
on the level of business activity have been discussed including tax 
cuts, public vmrks programs and increased or accele r ated spending for 
current government buying such as defense items. The Federal Reserve 
Board has dropped the rediscount rate several times and member bank re-
serve requirements have been reduced. 
These latter moves have as their purpose the stimulation of sav-
~~gs and investment. This action is in accordance with the economic 
theory which concludes that savings and investment increases give rise 
to increased income and consumption and lead to further or induced i.11-
vestment. This increase in savings and investment can be employed in 
t he "deepening of capital11 and/or the "widening of capital11 • Deepening 
of capital is the applicat:i.on of more capital to each unit of labor 
thereby increasing labor productivity. Widening of capital entails pro-
viding capital for unemployed workers or nev1 vmrkers as they come onto 
the labor market. 
There are two factors ever present in our ecomony which play an 
important part in the long term grov-rth of the economy. It is believed 
that this long term growth can be counted on to bring an eventual end to 
any recession . The two factors are population growth and technological 
advancement. 
In the case of the first, populati on grov-rth, widening of capital 
is required to provide machiJ1es and tools for the new workers . 
In the case of the second, technological advancement, deepen-
ing of capital is required to produce the new products or the machines, 
tools, and equipment necessary to produce these products . 
Technological advancements are the result of research and dev-
elopment. Thus we see that Research and Development is important to 
eac~ unit in the nation's economy not only because of the effect on that 
units relative position, but also because of the tremendous implicaticns 
to the economy as a whole. 
In the Introduction, the case of the Hussey Manufacturing Com-
pany was cited. The material for this case was obtained at the start 
of the current recession. In a recent public statement, the recession 
nov1 in full swing, Mr. Hussey indicated that the cycle for his company 
is exactly the reverse of that for the nation's economy. The Company is 
expanding at a r~te which is demanding the last measure of effort on the 
part of the present management. These pleasant circumstances for this 
particular economic unit are the direct result of an R & D effort and 
should demonstrate to the last disbeliever the merits of Research and 
Development in establishing the future of any company. 
It is possible to find examples of the effect of Research and 
Development on our whole econor~ all around us. In the 19th century, 
the steam engine and its effects on transportation by means of the rail-
road predomi nates. At the beginning of the twentieth century we observe 
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the development of the automobile and airplane. Two giant industries are 
now built around these developnents. 
Within the last quarter century we have seen the growth of radio 
industry and even later its companion, the television industry. \'llio 
has not marveled at the giant strides taken by the plastics and petro-
chemical industries almost before our eyes. In each of these examples 
Research and Development leading to technological advancement has been 
the catalyst. 
Statist ics would undoubtedly show that small businesses were 
responsible for most of the advances made in each of these exam·:1les. 
This is at least true at the start. The small business which does in-
itiate a technological breakthrough has the opportunity to grow both in 
terms of profit and corpora te size. 
There can 'Je no doubt as to the fact that the small business 
can carry out a program of research and development. It has been the pur-
pose of this thesis to point the need and the methods of accomplishment. 
In the first chapter definitions of .the subject matter were 
given. It was pointed out the term research and development covers such 
a broad field it therefore means many different things to many people. 
In the final analysis the def:inition which is chosen is of relative un-
importance. It is important, hrnvever, that the small business manager 
recognize the need for a program leading towards the development of new 
products and/or processes. 
In Chapter II the need for a program of research and develop-
ment was outlined. The pr:inciple motive is of course, profit. A number 
of particular examples were cited and a few overall statistics quoted in 
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order to pr ove decisively that R & D doe s lead to profit. Two other advan-
tages to Research and Development which were mentioned are : 
(1) Prestige in the market place , and 
( 2) Favorable reception in the money market. 
In the third chapter the matter of planning and organization for 
research and development was discussed . It is of course obvious that R & D 
is an area of management activity and that accepted principles of sound 
management must be exercised. It is of utmost importance that the respon-
sibility for the R & D effort be placed in a man having very particular 
capabilities. The future of the R ~ D program and therefore the long 
term future of the company rests on the proper choice of this man . 
Chapter Dl is devoted to the subject of research techniques and 
sources of assistance. Ther e are a <·lide range of techniques lihich the 
small business can employ to gain as sistance in Research and Development . 
These are described in detail and case histories are presented in each 
instance . 
In the final chapter , budgets and costs are discussed. A brief 
outline of the nature and magnitude of the costs which may be expected is 
presented followed by the description of several techniques for establish-
ing budgets in terms of probable future value . 
In the practice of management no hard and fast rules can be es-
t ablished which will hold in every case . So it is in the area of manage-
ment defined as research and development . In this thesis a number of 
principles, tried and proven by successful managements , have been pr esented. 
The reader is urged to study these in relation to the particul ar circumstances 
present in his own company and industry and to adopt those i-Jhich appear 
sui ted to bring the desired result. 
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From In This Issue 
Albert H. Rubenstein 
In Looking Around Albert H. 
Rubenstein briefly describes some 
68 references to leading books and 
articles that deal with the eco-
nomic aspects of research manage-
ment. This is an area to which 
Mr. Rubenstein has been giving 
a good deal of attention at the 
School of Industrial Management, 
Massachusetts Institute of Tech-
nology, where he is Assistant Pro-
fessor of Industrial Management. 
He is currently working on a long-
term study of R & D management 
sponsored by the school's Sloan 
Research Fund; one aspect of this 
project was discussed in his recent 
HBR article, "Setting Criteria for 
R & D" (January-February 1957). 
Form.erly associated with Co-
lumbia University as a Research 
Associate, Mr. Rubenstein is co-
author with David B. Hertz of 
Team Research (Boston, Eastern 
Technical Publications, 1953) 
and Editor of Coordination, Con-
trol and Financing of Industrial 
Research (New York, Columbia 
University Press, 1953). 
Looking A round 
There are only a few general 
books which discuss all aspects of 
the research executive's job. Re-
search in Industry: Its Organi-
zations and Management/ edited 
by C. C. Furnas, a collection of 
papers sponsored by the Indus-
trial Research Institute, treats 
most phases of research manage-
ment. D. B. Hertz's book, The 
Theory and Practice of Industrial 
Research, 2 has been widely used 
as a text in courses on research 
management. A third general 
source is The Organization of In-
dustrial Scientific Research 3 writ-
ten by C. E. K. Mees and J. A. 
Leermakers. 
From the numerous articles 
and papers that have been pub-
lished the research executive may, 
however, add in many ways to the 
information in these general 
books about the management of 
R & D. A number of the refer-
ences that appear in the following 
pages might well be included in 
tr The rapid increase in the literature on the economic as-
pects of research management is certainly a good indication 
of the current and growing interest in the improvement of 
research and development programs. This literature is very 
diversified. It contains, in addition to many books, research 
reports, and proceedings of conferences, several hundred 
articles published during the last few years in various jour-
nals. In all of these publications increasing attention is 
being paid to the vital economic aspects of research man-
agement - for example, the selection of projects, control 
of costs, preparation and size of budgets, duplication of 
effort, and appraisal of a research program. Here I shall 
deal mainly with these aspects of managing R & D. (All 
references, identified by number, are listed on page 1 44.) 
a self-tailored collection of ma-
terial about specific economic as-
pects of the administrator's job. 
The references fall under two 
main classifications. The litera-
ture on the accounting for and 
control of R & D costs, the first 
classification, may be divided into 
six areas : 
1. Case studies of individual 
companies and other research 
organizations. 
2. Surveys of industry groups. 
3. General discussions of cost 
control and accounting meth-
ods, which include views on 
the philosophy and objectives 
of such methods. 
4. Special problems of costing. 
5. Preparation and size of the 
budget. 
6. Duplication of effort. 
I shall consider these areas in 
the above order. We can then 
move on to the second section, 
the problems of appra1smg and 
evaluating R & D programs. 
With the increase in the litera-
ture on the economics of R & D, 
there has been an increase in the 
frankness with which research 
executives and accounting per-
sonnel discuss the specifics of 
their companies' procedures and 
problems. These case studies, 
which provide an opportunity to 
check, in specific terms, practices 
or planned practices against the 
experience of others, are probably 
the most valuable segment of the 
literature for those people who 
are establishing or reviewing the 
accounting systems for their lab-
oratories. 
More than two-thirds of these 
articles have appeared in the 
N.A.C.A. Bulletin (National As-
sociation of Cost Accountants). 
Although written from the ac-
counting viewpoint, they can be 
very helpful to research managers 
without much accounting back-
ground. All of the articles are of 
general interest, but the reader 
may be more interested in case 
studies from his own industry. 
Therefore, the name of the com-
pany is given, when available. 
tr W. E. Arthur in "Develop-
mental Costs in a Company Labo-
ratory" 4 presents an example of 
how the General Electric Company 
controls the costs in a develop-
mentallaboratory. He discusses the 
over-all budget for development ex-
penditures, the development cost 
procedure related to customer or-
ders, the procedure for costs not 
related to customer orders, and the 
cost of organizing a development 
division. A second case study of 
General Electric is contained in a 
Business Week . article, "How Can 
It Be Controlled?" 5 This article 
discusses the methods used to con-
trol and direct research at the huge 
Schenectady Research Center. 
tr The chemical industry is 
viewed in the analysis by J. H. Bent-
ley, Jr. , "Preparation of Research 
Budgets and Control of Research 
Expenses." 6 This work considers 
accounting for and control of re-
search expense, and interpretation 
and control of the application of re-
search effort. 
tr Another interesting study is 
that by H. Connolly. Entitled "Re-
search Accounting in an Oil Com-
pany," 7 it outlines the project and 
subproject classification system as 
well as the coding procedure used 
in the research accounting of the 
Gulf Oil Corporation. It also in-
cludes exhibits breaking down re-
search costs by elements (e.g., sal-
aries) and by functional projects. 
tr Three articles dealing specifi-
cally with budget problems are J. C. 
Freeman's "An Outline of a Prod-
uct Development Budgetary Con-
trol Procedure," 8 which outlines 
the duties of the research and 
development control committee of 
the Allis-Chalmers Manufacturing 
Company and the type of informa-
tion with which it is supplied; W . 
F. Harwood's "Budgeting and Cost 
Accounting in Research Institu-
tions ," 9 which presents the im-
portance of budgeting and account-
ing as tools for the manager of a 
large research laboratory; and K. R. 
Jackman's "Ranging the Budget in 
the Postwar Laboratory," 10 which 
discusses "docket" and "case" sys-
tems of cost control and also the 
problems of developing a research 
budget for an aviation laboratory. 
ti "Accounting Procedure for Ex-
penditures on Experimental Proj-
ects," 11 by E. K. Johnson, deserves 
mention. This is a detailed exami-
nation of the accounting procedures 
and necessary records of the ex-
perimental budget of the New Hol-
land Machine Division, Sperry Cor-
poration, with emphasis on the con-
trol aspects . 
ti W. L. McKinnon's article, 
"Planned Control of Costs in the 
Research Division of an Oil Com-
pany," 12 details the procedures 
through which research outlays are 
passed on and .accounted for in the 
research division of the Shell Oil 
Company. 
tr In "Developmental Costs In-
curred in the Plant" 13 M. J. Moss 
discusses how Eastman Kodak Com-
pany controls experimental and de-
velopment costs in the factory, and 
sets forth the determination of 
what the costs should include, the 
creation of a budget with accom-
panying reports, and the means for 
revising a budget. 
ti R. H. Robnett's "Control of 
Research and Development Costs" 14 
is a case study of how one company 
adapts the sound control principles 
used by all accounting executives 
to the special problem of research 
and development costs. 
ti G. L. Smith's article, "How 
We Developed Control of Research 
and Development Costs," 15 con-
tains a control plan for research and 
development costs developed by the 
Research and Development Depart-
ment of the Remington Arms Com-
pany. Smith emphasizes the records 
and reporting forms used in this 
system. 
ti A. L. Spurr's "Cost Accounting 
in a Research Organization" 16 deals 
with particulars of cost recognition 
methods and of control devices for 
professional labor and expenses, as 
used by Arthur D. Little, Inc. 
Several surveys of accounting 
and cost control practices have 
been conducted during the past 
ten years. The practical value of 
these surveys is obvious, but they 
are of particular interest when 
read in conjunction with the case 
studies just mentioned. 
ti Perhaps the best known and 
most widely used survey is that of 
R. N. Anthony. Entitled Manage-
ment Controls in Industrial Re-
search Organizations, 17 it reports 
on current control practices within 
the following functional classifica-
tions: planning the technical pro-
gram; budgeting by organization 
units; operating and checking on 
the technical program; maintain-
ing control over certain types of 
spending; controlling service depart-
ments; accounting for and checking 
on spending control of the pro-
curement and use of equipment; 
and yardsticks of control. Anthony 
also includes some case studies 
which describe in detail current 
control techniques used in the in-
dustrial laboratories of General Ra-
dio Company, Merck & Company, 
Inc., Charles Brayton Company, and 
Bell Telephone Laboratories, Inc . 
ti The most recent survey of ac-
counting practices in R & D was 
conducted by the National Associa-
tion of Cost Accountants and re-
ported in the June 1955 N.A.C.A. 
Bulletin.1 8 This report summarizes 
the ways of ascertaining costs of re-
search and development; methods 
of planning, control, and matching 
costs with sales income; and uses of 
accounting data in evaluating re-
search. An earlier N.A.C.A. survey 
by R. P. Marple, "Present Day 
Practice in Accounting for Research 
and Development Costs," 10 pro-
vides an opportunity to contrast the 
policies used before W odd vV ar II 
with those used today. 
ti Two postwar surveys in specific 
industries deserve notice. These 
are C. G. Blough's "Development, 
Engineering and Experimentation 
Costs," 20 which deals with policies 
followed in 1946 by five aircraft 
companies in handling these costs; 
and J. H. Brunn's and J. M. Moran's 
"Research and Development Costs 
in the Chemical Industry," 21 which 
gives results of a survey of I 3 
chemical companies on the ques-
tion of what functions in the com-
panies are included as research 
costs. These two surveys point up 
the fact that there is great variation 
among companies even in the same 
industry, and no apparent pattern 
exists as to which expenses a com-
pany will include as research costs. 
ti Other reports on cost control 
practices are given in more general 
discussions of research manage-
ment. The well-known book by 
P. E. Holden, L. S. Fish, and H. L. 
Smith, Top Management Organi-
zation and Control, 22 gives the re-
sults of a study of 3 I leading in-
dustrial corporations. It discusses 
control by budget and by project 
and offers typical control plans. 
tl A Metropolitan Life Insurance 
Company pamphlet, "The Control 
of Industrial Research," 23 contains 
a summary of a survey of 4 5 com-
panies on the planning and control 
methods used in research. Topics 
discussed include organization of 
the research department, the re-
search committee, authorization of 
research projects, preparation of the 
cost estimates, the research budget, 
authorization procedure, and cost 
accounting. 
ti A book referred to earlier, The 
Organization of Industrial Scien-
tific Research 3 by C. E. K. Mees 
and J. A. Leermakers, gives figures 
on percentage distribution of costs 
for a number of companies; their 
answers to questions on type and 
amount of control over research; and 
the amount of detail used to record 
costs of individual projects. It also 
gives a general discussion of prob-
lems involved in laboratory finance. 
ti Finally, D. H. Voorhies, in 
The Coordination of Motive, Men 
and Money in Industrial Research,24 
presents a survey of organization 
and business practices conducted in 
ten large companies by the Depart-
ment on Organization of Standard 
Oil Company of California. It is 
predominantly devoted to organiza-
tion and management, budgets, fi-
nance, and personnel practices. 
There have been many recent 
articles on the philosophy of con-
trolling research costs. Although 
all of these are of value, the 
various factors determining how 
much control should be exercised 
and by whom can be adequately 
gleaned from a few articles: 
ti Under the title, "Internal Con-
trol of Research Operation," 2" E. 
Pike treats the items to be con-
sidered when working out a pro-
gram for controlling research as 
well as the need for, evolution, and 
size of a research laboratory. 
tl V. N. Morris, in "The Phi-
losophy of Research Budgeting and 
Cost Control," 26 discusses the phi-
losophy of minimum accounting. 
He considers the idea of a separate 
budget for research and develop-
ment and the bases used for research 
and development budgeting. He 
also discusses the philosophy of cost 
control and some dangerous aspects 
of too much control. 
ti J. V. James, in "Helping Top 
Management Keep on Top of Re-
search," 27 indicates the need for 
something more than project and 
expense classification accounting for 
industrial research. He proposes 
classifying each project and shows 
how to set up classification reports. 
ti In "Engineering Research Lab-
oratory Management," 28 M. Nelles 
considers similarities and differences 
between the management of busi-
ness enterprises and of engineering 
research in respect both to budget 
preparation and control and to proj-
ect planning and control. 
ti In the article, "Industrial Re-
search and the Accountant," 29 N. 
A. Shepard, chemical director of 
the American Cyanamid Company, 
presents the attitude of a research 
man toward the management of re-
search within an industrial organi-
zation. He gives particular attention 
to methods of planning for financ-
ing research and methods of cost ac-
counting for research. 
ti A final suggested reading in 
this area is "Analyses of Research 
Costs," 30 by P. D. Foote and B. B. 
\iVestcott, covering procedures used 
for determining the costs of research 
and the application of this informa-
tion for administrative purposes. 
From general discussions of 
control let us now turn to a series 
of special problems. Specific cost 
items often require special ac-
counting procedures in the R & 
D program. A number of these 
special situations should be of in-
terest: 
ti In "Cost Accounting for a Re-
search Laboratory," 31 J. A. McFad-
den, Jr., the controller of Radio 
Corporation of America's Labo-
ratories Division, explains account-
ing procedures for carrying the 
costs of labor, other direct charges, 
and burden to individual projects. 
He emphasizes and illustrates forms 
for internal reporting. 
ti E. W. Engstrom, C. M. Bur-
rill, and R. S. Holmes, in "The 
Tools of Research: Instruments and 
Supplies," 32 analyze problems and 
practices in connection ·with (a) 
equipping the laboratory with in-
struments and supplies and (b) con-
trolling and accounting for expendi-
tures involved. 
ti D. S. Moffitt, author of an ar-
ticle, "Contract Research - 'i\lhere 
Time Control Counts," 33 identifies 
types of government research con-
tracts and discusses the differences 
in the cost characteristics for re-
search and for manufacturing. He 
stresses the importance of the for-
ward scheduling of research time 
when working under contract. 
ti W. K. Pierpont's article, "Over-
head as a Factor in Sponsored Re-
search," 34 points up the need to 
give full recognition to the existence 
of overhead costs on sponsored re-
search projects. He says that these 
costs should be a nominal item in 
budgeted costs, and should be com-
puted at a standard overhead rate. 
ti "Time and Motion Studies for 
Chemists," 35 by J. Bjorksten, is 
based on the system of "Therblig" 
developed by Frank and Lillian Gil-
breth. The author applies it to rou-
tine operations in the chemicallabo-
ratorv and indicates a much wider 
appli~ation. 
Many of the articles mentioned 
so far have referred to budgets 
in one \vay or another. Because 
I . 
of the wide interest in this aspect 
of R & D economics, I want to 
suggest a few articles which deal 
primarily with budgets: 
«< First among these I would 
mention "Preparing Research Budg-
ets," 30 by R. N. Anthony, which 
gives two examples of budget prepa-
ration - one very good and one 
very poor. Another general discus-
sion is that of J. M. Mclllvain, "The 
Research Budget." 37 This article 
covers the question of why a budget 
is needed and how it should be pre-
pared. It mentions types of budgets, 
classes of accounts, cost control, etc. 
«<C. E. Waring's article, "The 
Influeqce of Capital Availability on 
Research Policy," 38 considers the 
amount of capital required per dol-
Jar of research expenditure and 
the capital sources available to the 
average company. The author also 
examines the question of whether 
to undertake research within the 
company or purchase patent rights. 
Know-how, engineering from out-
side sources, a number of earnings 
statements and other financial in-
formation about three illustrative 
companies, and general research 
policy are likewise considered. 
«< A. G. Lurie, in "Controlling 
Research Costs with a Budget," 30 
suggests several bases which can be 
used to determine the desirable 
total outlay on research and de-
velopment. He discusses the ex-
pense classification budget and the 
project budget. Two other articles 
of interest are "Budgeting the Re-
search Program" .Jo by R. Curry, 
which is a brief presentation of 
budgetary problems and procedures 
in a task force type organization; 
and "Budgeting and Analyzing 
Costs for the Research Program," H 
by A. F. Siepert, a brief account of 
budgetary relationships among the 
National Institutes of Health, Bu-
reau of the Budget, and Congress. 
One of the most critical aspects 
of research budgeting is the size 
of the R & D budget in a given 
company. There is no generally 
accepted formula . Most com-
panies rely on a combination of 
what their competitors are doing, 
the general prospects for business, 
and all the other specific condi-
tions which have an influence on 
the level of R & D expenditures, 
such as supply of research per-
sonnel, breakthroughs into new 
fields, obsolescence of existing 
products and processes, and so on. 
Some guidance on what the other 
fellow is doing can be found in 
the nationwide surveys of re-
search expenditures which have 
been conducted recently: 
«< The latest of these is Science 
and Engineering in American Ill-
dustry,42 a study sponsored by the 
National Science Foundation and 
conducted by the Bureau of Labor 
Statistics. An earlier study of R & D 
expenditures was reported by D. C. 
Dearborn, R. W. Kneznek, and R. 
N. Anthony, in Spending for Indus-
trial Research - I 9 5 I , I 9 5 2 . .j 3 
This appraisal of three related sur-
veys of amounts spent for research 
and development by industrial com-
panies in I 9 5 I and estimates of 
spending in I 9 52 is an intensive 
study of the magnitude and objec-
tives of the research work that com-
panies do, the amount of effort de-
voted to nonresearch activities, and 
related aspects of the research pro-
gram. Also worth noting is Scien-
tific Research and Development in 
American Industry: A Study of 
Manpower and Costs, 44 by H. M. 
Wood, R. H. Cain, and J. H. 
Schuster. 
With the rapid growth of many 
industrial laboratories and the 
consequent decentralization and 
specialization, some duplication 
of effort is unavoidable. The 
amount of duplication in some 
R & D programs has assumed 
significant proportions. A few ar-
ticles on this phase of the subject 
deserve to be singled out: 
«<An article by N. T . Ball, 
"Duplication of Effort in Research 
and Development Programs," 45 takes 
up the difficulties in reporting and 
coordinating large-scale research 
and the role of the special commit-
tee on technical information. 
«< Writing under the title, "Is 
Management Getting Its Money's 
Worth?" 46 L. Bonn outlines the 
need for project control in an en-
gineering program. He presents 
management with a method of pre-
venting several groups from work-
ing on the same project. 
«< A Business Week article, en-
titled "When Research Began to 
Sprawl," 47 contains a brief account 
of an investigation into the research 
programs of a chemical company, 
its subsidiaries, and its affiliates. 
The investigation revealed con-
siderable duplication of work and 
lack of communication. Accord-
ingly, steps were taken to eliminate 
overlapping and to center each 
project in the place where the re-
search staff could bring the most 
experience to bear on it. 
«<From a different point of view 
J. G. Jackson, in "Records of Re-
search," 48 outlines the need for 
research records. Although written 
mainly from the legal standpoint, 
this article can help in preventing 
duplication of research effort. 
«< Most of the published studies 
of duplication of effort concern 
government R & D programs. Of 
greatest interest to businessmen, 
perhaps, is an article by J. W. 
Boyer, "Good Order in Federal Re-
search." 49 Boyer outlines the sys-
tem used by Agricultural Research 
Administration to avoid duplication 
or conflict in research projects. 
So much for accounting and 
control. Let us turn now to other 
aspects of research management. 
Some of the most pressing prob-
lems that confront administra-
tors today are those dealing with 
selection of projects and evalua-
tion of results. There is wide-
spread skepticism that these tasks 
can be performed by formula; 
nevertheless, the search for cri-
teria, measures, indicators, and 
formulas persists. Some of the 
problems that come up in 
tempting to evaluate research 
suits were discussed in my 
HBR article. 50 
The literature in this area 
large and increasing rapidly. Bu 
to date very few methods 
>roject selection or evaluation 
1ave been described which are 
~ither general enough to be used 
vvidely or practical enough to be 
used at all. I have divided what 
literature is available somewhat 
arbitrarily into two sections -
articles dealing mainly with selec-
tion of projects and those dealing 
mainly with evaluation of results. 
As for selection, a few specific 
formulas for appraising and for 
choosing research projects . have 
appeared recently. The best 
known of these is the "index of 
return." It has been discussed 
in several places over the years . 
since it was first developed. An 
interesting view suggesting modi-
fication of certain specific terms 
in its application is given by two 
papers delivered at the Columbia 
research conferences: 
(1) In E. Hartshorne, "Research 
Cost Analysis and Project Evalua-
tion," 51 in addition to discussing 
the index of return, the author dis-
cusses the necessity of cost account-
ing, a method of allocating research · 
expenses, and some criteria for 
evaluating research performance. 
(2) In F. Olsen, "The Control 
of Research Funds," 52 the author 
gives consideration to determining 
the amount of money to be spent 
on research, to the arbitrary nature 
of evaluation indices, and to es-
timating the value of new projects, 
as well as to the index of return 
used by Olin Industries. 
Various other mathematical ap-
proaches for selecting projects 
and building the research pro-
gram have been put forward: 
cr M. M. Flood, in his article 
"Research Project Evaluation," 03 
demonstrates the use of analytical 
methods in project evaluation and 
budget allocation. He stresses the 
importance of information on the 
relative probabilities of success of 
alternative programs. And he ap-
plies game theory to this kind of de-
cision making. 
cr R. H. Manley's approach, 
which is described in "Translating 
the Economic Aspects of Conipany 
Policy into Research Policy," 54 
treats product maintenance service, 
new product development, and basic 
research. It presents a formula use-
ful in determining the size of the 
research budget. 
cr A formula similar in principle 
to the ones described by Olsen and 
Manley but different in terms and 
use is described in a Business Weel~ 
article, "There's Safety in Num-
bers." 55 This formula includes two 
"probability" terms (whereas for 
certain classes of projects Olsen's 
has only one, and Manley's none). 
It is used by the American Alcolac 
Company in project selection. 
A number of more general dis-
cussions of project appraisal and 
selection, including the adminis-
trative aspects, are available: 
«< W. H. Kliever and R. Z. Ban-
croft, writing under the title of 
"Choosing and Evaluating Research 
Projects," 56 treat the problem of 
getting optimum balance between 
control and freedom in research. 
J. A. Stewart, in "The Design of 
an Integrated Research Program," 57 
considers methods used at Ameri-
can Can Company for evaluating 
and re-evaluating projects, and par-
ticularly stresses communication of 
the results to management. Two 
other good coverages of the subject 
are E. D. Reeves's "Calculated Risk: 
Its Place in the Selection, Control, 
and Termination of Research Proj-
·ects," 58 and T. H. Vaughn's "Cal-
·culated Risk," 59 which uses ex-
amples to show how a project 
should be subjected to economic 
·evaluation at its beginning as well 
:as throughout its life. 
«< The special problems involved 
in entering new fields of research 
and development, particularly for 
smaller R & D organizations, are 
.discussed in my article, "Evaluation 
.of the Possibilities of Research Ef-
fort in a New Field of Tech-
nology." 60 In this article proce-
dures are described for making de-
cisions on the field to enter, the 
level of entry, and the timing. 
«< An interesting proposal for a 
paper and pencil prelaboratory proc-
ess evaluation is outlined in an 
article in Chemical Industries, "How 
to Increase Research Profits." Gl 
This analysis is intended to de-
termine which of several alterna-
tives should actually be investigated 
in the laboratory. 
cr The field of operations research 
has provided a few examples of 
abstract, systematic approaches to 
the long-range research planning. 
A number of papers on the subject 
have appeared. One of the most 
interesting is that of T. D. Scrig-
gins. Entitled "Research and De-
velopment and Capital Equipment 
Effectiveness," 62 it discusses the 
impact of the R & D program on 
capital equipment investment and 
presents mathematical methods for 
determining the "input mix." The 
author also considers the future 
profitability of capital equipment 
and the probable improvement rate 
indicated by research effort in spe-
cific or allied fields. 
Many of the articles and books 
mentioned which deal with the 
selection of research projects are 
also applicable to the evaluation 
of R & D results. There are, 
in addition, several articles which 
deal more directly with that sub-
ject. I mention only a few: 
«< A. Abrams, in "Appraising Re-
turns from Research," 63 outlines 
methods used by several different 
companies to appraise results of re-
search, and suggests his own system 
of evaluation. 
«<C. W. Kaufman, in his article 
"Building Better Management-Re-
search Relationships," 64 presents a 
method of demonstrating the value 
of a research program. He deals 
with the necessity of good cost in-
formation, the relation between the 
research program and the objectives 
of the company, and methods of re-
porting on the progress of research. 
«<In "Research Reporting, Evalu-
ation and Utilization," 65 G. \V. 
Irving, Jr., discusses the reporting 
of research results and n1ethod of 
evaluation at the Agricultural Re-
search Administration, United States 
Department of Agriculture. 
A good deal of attention has 
been given recently to the con-
tribution of R & D to growth. 
Some economists are concerned 
mainly with the growth of indi-
vidual firms, others with the 
growth of particular industries, 
and many with the growth of the 
economy as a whole. Thus: 
ti R. H. Ewell of the National 
Science Foundation presents the re-
sults of a comprehensive study of 
the impact of R & D on the economy 
in his article "Role of Research in 
Economic Growth. " 00 He analyzes 
the historical rate of spending for 
R & D in the United States and 
makes some correlations of these 
expenditures with Gross National 
Product and the growth rates of 
major industry groups. 
ti Many attempts have been made 
to link, in a causal relationship, the 
rate of individual companies' spend-
ing on R & D and their growth or 
profit rate. One such statement 
was recently made in a paper by 
L. D. Edie, "The Long Range Busi-
ness Outlook," 07 in which he re-
lated growth rate to the size of the 
research budget. 
ti Another approach to evalua-
tion of research results is that of I. 
R. vVeschler and P . Brown, Evalu-
ating Research and Development. 08 
This report of the proceedings of a 
one-clay conference at the Univer-
sity of California emphasizes two 
problems: the formulation and defi-
nition of research and development 
objectives; and the evaluation of 
individual and group performance 
with reference to the objectives. 
In conclusion, I think it is 
worth pointing out that, while 
many research executives are 
managing very well today with-
out the aid of books and articles, 
more and more businessmen are 
constantly seeking new knowledge 
about the various economic as-
pects of R & D management. I 
do not pretend that the foregoing 
is a complete list of available 
sources of information on the 
topics outlined. Many more refer-
~nces could have been included. 
However, I feel that the books 
and articles mentioned contain 
a wealth of valuable material 
which, carefully studied, could 
lead to great gains in R & D 
effectiveness . 
-Albert H. Rubenstein 
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U, S, DEPARnAENT OF COMMEP.CE 
Office of Technical Serv:i.ces 
Hashington 25, D. C. 
HOW HIDUSTRY USES U, S, GO\TERNMENT RESEARCH 
A recent survey of some of the subscribers to U, S, Gn\~RNMENT RESEARCH 
REPORTS, published monthly by the Office of Technical Services, shows extensive 
use of this bibliography and of the research reports it describes, There are 
cases \vhere research reports obtained from OTS have actually resulted in the 
development of an end product, For instance, one research company reported 
that they used those reports , lmmvn as PB (Publication Boar d) reports, on mag-
nesium to design an end item for the military \vhich resulted in a two-to-one 
reduction in weight. This company said that when their ~roduct was first begun 
there was very little data available from other sources, but that a fairly com-
prehensive bibliography was 'built up through PB reports. The saJ'Ile comi1any 
more recently used PB reports in tr~ eir developnent of high frequency crystal 
oscillators. Another company reported the production of an excel1ent spray 
coating for exteriors which it developed by using a PB report v.rhich described 
the use of a polyester r&sin catalyzed '\vHh cobalt naphthalenate and peroxides. 
In more instances, ho'.rever, these reports serve as important sources of 
information to be used along with other materials in the research laboratory. 
They save va1__u'lble research tiTTle \·Ihich might otherwise be spent in duplication 
of work that l·.as already been done for GoverrEnent. They give the researchers 
ideas wh:ich ccntribute tcuarci tlle final solution of a problem cr the final de-
velopment of a product, A:c~d they certainly contrjbute to the improvement of 
existing technological processes. 
For ins tance, one of the oldest and largest concerns in the couutry manu-
facturing meters and control systems for pm..rer plants and industrie.l processes 
wrote to OTS that because of the great amount of research the Government is now 
sponsoring, wl: ich is more than two billion dollars worth a year, they find the 
U, S, GOV".8ENl1EHT RESEAPCH REPORTS essential to keep them up to date on new re-
search. The bibliography is scanned thoroughly by project engineers, and 
selected PB 1s are ordered from OTS. This company listed some of the research 
projects in which they have utilized PB reports, These are: 
1. In the developl"lent of resistance thermometer elements they have been 
helped by PB 1s on ceramics, ceramic nrotective coatings on metals, high temper-
ature metallurgy, and temperature measurement techniques. 
2. \.Jork on bolometers has b~en ass.isted by information contained in 
reports on thin metalEc films and applice.tion technjques of thes~. 
3. PB 1s on magnetic amplifiers have been of value in a recent project 
involving the development of a special, high-gain servo instrument amplifier. 
4. Papers on electronic circuits and their design and mj.niaturization 
have aided research and development of new electronjc amplifiers. 
The director of metallurgical research of a large corporation says that 
the reports on the machining of titanium have aided them a great deal in ac-
quiring a 'vorking knowledge of this new metal. And an electric welding equip-
ment manufacturer told OTS that research reports have been particularly usefUl 
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to them in two departments -- in ba sic research in the study of joining of 
metals and in the development and engineering of ceramics and coatings on 
electrode rods. In the research department, the use was not in finding the 
answer to particular problems, but in familiarizing researchers with the theo · 
ries and work of other invest igators that would help them in their own progran 
To this end the information Has inva luable to this company, 
The chief engineer of a company that manufactures : aircraft parts re-
pvrted that they could always put to use any information pertaining to the 
working of stainless steels and titanium elloys; therefore, many useful re-
ports >>ere discovered j_n the bibliography and were ordered from OTS, particu-
larly on the machining of titanium. 
FB 1s on titanium are proving of great value to many different types of 
manufacturers, for there is a great deal of interest and research in progress 
on this new metal. The manager of the process and product development di-
vision of a l arge steel compe.ny said that his department is currently concen-
trating on electroplating of titanium and is using PB reports as a source of 
technical information. His department is interested primarily in coming up 
with ideas for new products. Once an idea is conceived in his division, it i 
turned over to a research group . 
The librarian of another company told OTS that her concern would be 
"lost" v1ithout USGRR. In this company information octained from the PB re-
ports is passed on to a committee for discussion an~ further work. At presen 
this comp~my is concentrating on the development of n'ew processes in the ma-
chinability of titanium, and the development engineer says he has made good 
use of PB reports. 
Helping researchers to keep abreast of developments in their fields is 
an important function of U, S. GOVERID•ffi~~ RESEARCH REPORTS and of the PB re-
ports themselves. 'l'he consulting engineer of a metah1orking company said tha 
the monthly bibliography and the PB reports contained information the value o 
which was in many respects intangible, but it was very important to have a 
backlog of specific cases availab le. ' The reports also keep him up to date. 
"It's like going to to school," he said. 
\-Then the USGRR arrives at the chemical and physical research division 
of a large oil company, the libraria.n scans it for reports that might be help 
ful, and these listings are referred to -specific researchers who might be 
working on a related project. The PB 1 s have proved of immediate benefit to 
these researchers in many instances. Another company reported that this same 
procedure is used in its plant, the librarian consulting specific researchers 
and ordering the needed PB 1s. 
Reports in the fields of lubricat ion and metal treatments are being 
·followed to a great extent by the res earch department of another concern wher 
the manager of special products said they come in for a great dea l of use. 
A recent subscriber to USGRR, a manufacturer of offset printing machin 
ery, printing chemicals, paper-cutting machines, and other equipment used in 
the printing industry, told OTS that the company is beginning to order more 
material from OTS all the time and is finding the PB"s most valuable. On the 
arrival of USGRR at this plant, it is marked up and circulated to six researc 
people. 
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Discussing PB reports, the laboratory manager of a chemical company 
said: 111tfhen we find something of value , it usually turns out to be s omething 
of great va lue to us. 11 This particular company is active in a wide range o.f 
resear ch in agriculture, crystals, metallic soaps, fluorides, nickelplating, 
and ceramics. You can see that the range of subjects in Hhich d ifferent com-
panies are interested is quite extensive and there are important PB 1s on all 
of these subjects. 
One a ssociat ion of steel tube manufacturers, with 125 members, r epor-
ted to OTS that it wouldn 1t be i.Jithout USGRR. The secretary of t his associa-
tion reviews each issue of the bibliography and orders r eports of inter est to 
the membership, then digests the material in his bulletin. Many other asso-
ciations are also finding PB 1s useful to their membership. For instance , an 
association of manufacturers recently wrote to OTS asking for a review copy 
of a PB on a case study in automation. They wanted to r eview it in their 
journal. 
The vie\vpoint expressed by a res earch chemist of an indust r.ial rayon 
manufacturing concern gives another s lant on Government r esearch. He tC'ld an 
OTS r epresentative t lmt the PB r eports wer e in many instances very valuable 
as much of the r esearch r eported >-JOuld not have been undertaken by privat e 
indus try because of the r es earch f acilities r equired and the expens e involved. 
The PB r eports l ed one industria l concern t 0 enlarge its own r es earch 
progr am. ll .As the r esult of r eceiving some of t he t echnical r eports from OTS, 11 
s ai d the president of this company, 11our inter est has increased in r esearch 
wc:rk, and we have increas ed our engineering capacity. ~le find the r eports 
have helped us consider new items to manufacture , and, while we have not com-
plet ed our engineering, we expect to be able soon to present r esults to one 
of the armed s ervices.n 
A small producer of glass and mirror shapes for industry indicat ed 
they ver e losing hundr eds of dollar s scrapping mirrors because of spots forming 
in them and cnuld find no solution or way to prevent this expensive wast e . 
Informat i on obta ined from a U. S. Government t echnical r eport s olved the prob-
l em. The firm indicat ed that approxi~ately $10, 000 was saved because of the 
informQti~n r eceived in the r eport. 
The best way to keep up with PB r eports as they are acquired for 
distribution by OTS i s through the monthly bibliogr aphy, U. S. GOVERJ\"'MENT 
RESEARCH REPORTS , which may be order ed from the Superintendent of Documents, 
U. S . Government Printing Office, Washington 25, D. C., at $6.00 per year. 
Further i nformation concerning the OTS r esearch r eport service may be had by 
writing dir ect to the Office of Technical Services, U. S . Department of Com-
mer ce , Hashington 25, D. C. 
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Modern Welding Methods 
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ENERAL 
IDENTIFICATION (SPOT TESTING) OF SOME METALS 
ALLOYS. 
show quick methods for identifying 100 metals and pro· 
alloys, including the Inco Nickel Alloys, precious metals, 
alloys, Dowmetals, Hastelloys, and Illiums; also several 
of steel, stainless steels, and copper alloys. Includes tables 
nominal compositions of these alloys. 
ALLOYS FOR SPECIAL PROBLEMS. 
18 lnco Nickel Alloys in problem-solving sections to 
selection of most suitable alloy for specific service con-
corrosion, temperature extremes, high strength, purity 
rot1~ction. electrical properties, wear, heat transfer, workability, 
'i>pting properties. Includes sand and centrifugal castings, weld-
materials, average properties, forms available, and lnco's 
casting service. 
3-1-THE TECHNICAL EDITOR SPEAKS. 
Tells in simple language the meanings of technical terms used to 
describe the mechanical properties of metals and alloys. Explains 
how they are determined, how the information is used to judge 
metals for practical applications. 
4-1-SPECIFICATIONS FOR INCO NICKEL ALLOYS. 
Give specifications for the mill forms, cast products and welding 
material produced in lnco Nickel Alloys, as issued by A.S.T.M., 
S.A.E. and U.S. Government agencies. Note: this index does not 
include details contained in specifications listed but only identifies 
the particular specification which covers a specific form or product. 
93-1-A MACHINIST'S NIGHTMARE BECOMES A DESIGNER'S 
DREAM. 
Case histories show how lnco precision investment casting makes 
possible lower fabricating costs, wider design latitude, higher alloys 
at lower cost, longer life with harder alloys, and elimination of all 
or most machining in production of small parts. Gives range of 
alloys Inco precision casts and thumb rule for estimating possi-
bility of precision casting a small part. 
104-B-CAST TO OUnAST 
Case-history booklet describes bow many destructive service prob-
lems can be solved by use of Inco sand and centrifugal castings. 
Also how manufacturers can cut costs on small parts with Inco 
precision investment castings. Includes properties, alloys avail-
able, p~nge of forms, specification data, brief notes on joining, 
machtrung. 
9-B-THE ROMANCE OF NICKEL. 
Beginning with the geology of the Sudbury nickel ores, the bro-
chure traces the history of nickel and its growth in engineering im-
portance from discovery as an element in 17 51, through trying 
days of early development, to its present day stature as one of the 
world's most vital metals. Tells briefly how nickel is produced, its 
uses and what research suggest for the future. 
10-B-HOW TO CATCH FISH WHEN THEY'RE NOT BITING. 
Two fishing authorities tell how to take bigger catches of bigger 
fish even when other methods fail: Gives new techniques for 
muskies, lake trout, rainbows, land-locked salmon and other fresh 
water fish, tricks charter boat Captains use for blues, striped bass, 
tuna, marlin, etc. Explains how to choose line, lures, reel and rod; 
how to rig and splice, and other handy tips. 
12-1-HELPFUL PUBLICATIONS ON NICKEL AUOYS (List A). 
Lists available publications on Nickel Alloy steels, cast irons, 
bronzes, brasses, and other nickel alloys. 
13-B-WHAT CAN MANAGEMENT EXPECT FROM A CORROSION 
ENGINEER? 
Discusses the qualifications, aims and accomplishments of the 
Corrosion Engineer in industry. Reprints an address by F. L. 
LaQue at the Corrosion & Alloys Forum, Sept. 1952. 
117-B-THE PLATINUM METALS. A reprint from "MODERN USES 
OF NONFERROUS METALS" A.I.M.E. 
This 36 page booklet summarizes the major engineering uses of the 
platinum metals which presently consume most of the platinum 
metals. 
Electrical contacts in telephones, catalysts for producing nitric acid 
and for producing high anti-knock gasoline are discussed as is the 
use of platinum in the production of fiberglass and other man-made 
fibers. 
124-B-BASIC DATA-INCONEL "700" AGE-HARDENABLE NICKEL-
COBALT-CHROMIUM ALLOY. 
This folder gives typical composition, physical properties, and 
high temperature tensile properties of this new heat-resisting 
alloy. It serves as an introduction to the alloy and gives an indi-
cation of its potential for high temperature applications. 
TECHNICAL INFORMATION 
- Help With Specific Problems -
Three types of metal problems are so common that we have 
prepared the three special worksheets described be~ow to help 
you outline any of these types you may have. Our High-Temper-
ature Engineering, Corrosion Enginuring and Technical Services 
will be glad to help you solve them. But aid is not limited to these. 
Feel free to get in touch with our Technical Service for advice on 
any metal problem. 
14-B-HIGH TEMPERATURE WORK SHEET. 
Helps you state the particulars of your high temperature problem 
for study by Inca's Development and Research Division to deter-
mine what metal or alloy should be recommended to solve it. 
16-B-CORROSION DATA WORK SHEET. 
Helps you make a complete statement of corrosion factors related 
to a particular problem. The information given in the completed 
form is necessary for the selection of appropriate data. from loco's 
Corrosion Engineering Service files. Files include data on thou-
sands of service records, results of plant or labor;1tory tests 
covering nickel alloys and many other materials. Unless devel-
oped confidentially, this information is available to those . who 
can profitably use it to solve a specific corrosion problem. 
- Engineering Properties -
Booklets with numbers preceded by the letter "T" are Technical 
Bulletins published by our Development and Research Division. 
T-5-ENGINEERING PROPERTIES OF MONEL AND "R" MONEL 
Gives physical constants, minimum mechanical properties in stand-
ard forms and sizes, data on its resistance to acids, salts, alkalies 
and organic substances commonly used, as well as condensed work-
ing instructions. Revised 5/53. 
T-7-ENGINEERING PROPERTIES OF INCONEL AND INCONEL "X". 
Gives composition, physical constants, and mechanical properties 
of heat-resisting Inconel and Inconel "X". Discusses corrosion-
resistance, working characteristics, and effect of temperature on 
strength of Inconel; as well as describes mill forms and uses of this 
versatile nickel-chromium alloy. 
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-' T-9-ENGINEERING. 'KOPERTIES OF "K" MONEL A. 
" KR" MONEL. 
Gives data on these heat-treatable alloys which corr. 
rosion resistance with the strength of alloy steel. Has detaJ!eu 
formation on physical constants, mechanical properties with 
structions for thermal treatment and working. Discusses 
priate applications. 12th edition. 
T-13-NICKEL AND NICKEL-BASE ALLOYS. 
Discusses application of various materials for construction 
corrosion-resistant equipment. Covers pure nickel, 
Steel, Monel. "K" Monel, "H" Monel, "S" Monel, 
Clad Steel, the Hastelloys, A, B, C and D and Illium. 
ical compositions, data on physical constants, m•eclJarJical 
ties, corrosion resistance, other useful information. 
T -15-ENGINEERING PROPERnES OF NICKEL 
Contains technical data on wrought and cast nickel-its 
constants, mechanical properties, resistance to corrosion. 
working instructions and supplement describing special low 
"A" Nickel, "D" Nickel (heat resistant) and "Z" Nickel 
strength). Revised 11 / 56. 
T-32-ENGINEERING PROPERTIES OF DURANICKEL. 
Has data on this age-hardenable nickel-aluminum alloy 
combines corrosion resistance with the high hardness and 
ordinarily formed in heat-treated alloy steels. Suggest 
hot- and cold-working, annealing, age-hardening and 
Gives physical constants, properties, working data. Lists mill 
and sizes available. Describes use of Duranickel in springs 
phragms, dies and other parts. Revised 2/55. ' 
120-B-SOME PROPERTIES OF INCO NICKEL ALLOYS AT 
TEMPERA lURES. 
Bulletin describing the properties, mechanical and physical, 
various wrought and cast high-nickel alloys when exposed to 
zero temperatures. Publication principally contains technical 
tables and graphs, suitably arranged for engineers and 
of eq.uipment to operate at sub-zero temperatures. 
1 00- B-ENGINEERING PROPERTIES OF CAST MONEL. 
Summarizes composition. properties, working instructions, of 
alloy which is one of the most useful cast materials to 
corrosives encountered in industry. 
98-B-ENGINEERING PROPERTIES OF "S" MONEL. 
Summarizes composition, properties, working instructions, of 
age-hardenable, corrosion-resistant casting alloy that is one of 
hardest and strongest non-ferrous alloys available in cast 
'126-B-ENGINEERING PROPERTIES OF CAST NICKEL. 
Summarizes composition, properties, working instructions, 
Nickel which is strong, generally tough, resistant to a wide 
of industrial chemicals and outstanding for maintaining purity 
product. 
18-B-PROPERTIES OF SOME METALS AND ALLOYS. 
Lists characteristics, properties, chemical compositions 
metals and alloys. Mechanical properties are expressed in 
values as reported by the producers of each material. Both 
and non-ferrous materials included. 
19-B-NICKEL AND HIGH NICKEL ALLOYS. 
Gives condensed specific information on the composition, 
ties, fabrication and uses of nickel and nickel-base alloys 
ing over 50% nickel. Aids in determining which are best suited 
particular applications. (From Materials and Methods Manual 2 
99-B-PROPERTIES OF INCOLOY. 
Gives latest data on composition, heat treating, 
welding, and comparative facts about physical and u"'"u""''" 
properties of this new Inco Nickel Alloy for high-temperature 
108-B-INTRODUCTION TO NI-0-NEL 
Gives the properties of this new nickel-chromium alloy containi 
copper and molybdenum. Suggests applications in "'"nfr•rn-•~ 
with its ability to resist bot acids and both oxidizing and 
conditions. 
IJ·B-tU:AT TRANSFER THROUGH METAlliC WALLS. 
to estimate properly overall heat transfer rates through 
walls. Includes formulae for determining heat transf~r 
various factors influencing heat transfer through metallic 
data on metals and alloys commonly used in equipment 
heat transfer. 
9-B-NICKEL AND HIGH-NICKEL ALLOYS FOR PRESSURE VE.SSELS 
BULLETIN # 24 OF THE WELDING RESEARCH COUNCIL 
BULLETIN SERIES. 
lm>m :on:~es information regarding composition, mechanical prop-
constants ASMb Code design stresses, thermal F~·Ul·"'""o, cleaning, welding, and insp.ection of high nickel a~~y~ 
pressure vessels. includes Ntckel, Monel, lnconel, K 
lnconel "X", Hastelloy Alloys B and C. 
- Corrosion -
Check listings in your particular field of work 
for corrosion literature devoted specifically to it~ 
0-CORROSION TESTING METHODS. 
laboratory and field testing methods and reasons for their 
•cur:ac•1• Has sections on special property and plant corrosiOn 
Revised 8/56. 
II-CORROSION PROBLEMS IN NUCLEAR REACTOR POWER 
STATIONS. {Reprint from Proceedings of the Americ,an 
Power Conference 1956. ) . , 
•~;cusse:s problem of corrosion in coolant and fuel. earner lines 
reactors. Charts and graphs show corrosiOn rates for 
materials handling high purity water . . 
•· ~·-I..URROSION: PROCESSES-FACTORS-TESTING. 
•:~'"'·•uo corrosion forms it takes, factors that influence rate of 
methods for comparing behavior of me~als under 
conditions. Includes specific data on the reststance of 
Nickel Alloys to nearly 500 typical corrostve medta. 
AND THE FINAL CHOICE. 
principal factors. that should be considered in the 
of a corroswn-restsung matenal. Bnefly discusses 
fabrication mecharucal properties and certain con-
'of corrosion' testmg that are often overlooked. A for-
is given for computing the real economic cost of eqmpment 
varying periods of time. 
•··B·-t''LANNIINU AND INTERPRETING CORROSION TESTS. 
importance of relating tests of metal f~r corrosive 
working conditions involved. Descnbes factors 
tne:ntJlCll:y of test results and proper testing techniques. 
from "Corrosion and Material Protection." 
r.R-l~!iPEt;l~:. OF GALVANIC CORROSION. 
nine practical measures for preventing galvanic co~o­
explains, briefly, the causes and effects of such corrostve 
-II-HOW TO RECOGNIZE AND CONTROL CONCENTRATION-CELL 
CORROSION. 
concentration-cell corrosion and how it destroys metal. 
practical measures for preventing the concentration-cell ac-
found in industry. 
A TEST TUBE. 
the research center on marine corrosion at Harbor 
. C. Shows how metals, wood, plastics, painted surfac:es, 
exposed to sea water, atmospheric corrosion, manne 
galvanic action, water velocities. Illustrated. 
- Working Instructions -
1-FORGING MONEL, "K" MONEL, NICKEL, DURANICKEL, 
INCONEL AND INCONEL "X". 
the forgeability of these materials. Gives instructio~s 
proper methods of heating. Has data on dies and lubn-
tables of mechanical properties of forgings. Revised 5/53. 
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T-12-MACHINING INCO NICKEL ALLOYS. 
Discusses machinability of these materials, stock required, tool 
design, tool steel cutting compounds. Has instruction on cutting-
oil, turning and boring, drilling, reaming, tapping, threading, plan-
ing, milling, grinding. Revised 8 I 51. 
T-16-AGE·HAR.DENING INCO NICKEL ALLOYS. 
Describes methods for age-hardening six !nco Nickel Alloys at 
moderate temperature to achieve high streneth and hardness. In-
cludes information on annealing, stress-equalizing, protection 
from contamination and salt-bath hardening. 8th edition. 
T-17-FABRICATION AND DESIGN OF NICKEL AND HIGH-NICKEL 
ALLOY PIPE AND TUBING. 
Discusses characteristics, forming and fabricating operations of 
seamless nickel and high-nickel alloy pipe and tubing. Covers the 
calculation of bursting and collapsing pressures, Van Stone flanges, 
welding, brazing, bending and coiling procedures. Appendixes 
list available mill forms and cast pipe fittings, standard tolerances 
with exceptions and special permissible variations. Includes U. S. 
Government and other specifications. Illustrated with 56 charts, 
tables, drawings and photographs. Revised 7/ 55. 
T-19-DRAWING, SHEARING AND PERFORATING MONEL, NICKEL 
AND INCONEL. 
Gives directions for shearing, perforating, blanking, cupping, draw-
ing, other press-forming operations; covers die materials, lubri-
cants, annealing, pickling, mechanical properties. Revised 11/50. 
T-20-ANNEALING NICKEL, MONEL AND INCONEL. 
Offers detailed instructions for soft annealing, temper annealing 
and stress-equalizing annealing by open and closed methods; in-
cludes bright annealing, fuels, furnaces, atmospheres, temperature 
control, effect of cold work, grain size, mechanical properties. 
Revised 4/53. 
T-21-PICKLING INCO NICKEL ALLOYS. 
Describes methods for removing oxide and tarnish from annealed 
shapes, etc., of eight lnco Nickel Alloys. Includes recommended 
formulae for pickling solutions, pastes. Revised 1/ 55. 
T-24-FINISHING NICKEL, MONEL, INCONEL 
Tells how to produce any desired finish on Monel, nickel and 
Inconel; describes proper wheels and abrasives to use, preparing 
glue and wheels, speeds to use, procedures for grinding, polishing, 
buffing, brushing. Includes working chart. 7th edition. 
T-2S-SPINNING NICKEL, MONEL AND INCONEL. 
Describes the general procedure for spinning Monel, nickel, In-
cone!: Information on lubricants, tools, chucks, speeds, annealing, 
pickling. Revised 12/55. 
T-3S-INCO NICKEL ALLOY HELICAL SPRINGS 
Technical Bulletin purposely written from the spring designer's 
standpoint. Offers complete design information for Monel, "K" 
Monel, Duranickel, Inconel, and lnconel"X". Maximum allow-
able design stresses, thermal treatments, design formulae, manu-
facture of springs, and mechanical properties of spring wire are 
given. Useful for personnel actually engaged in spring calculation 
and design. 
T-36-METHODS FOR CHEMICAL ANALYSIS OF NICKEL AND HIGH· 
NICKEL ALLOYS. 
Detailed procedures for the quantitative determination of the com-
ponent elements in nickel and high-nickel alloys. 4th edition. 
133-B-BASIC DATA-INCOLOY "T" TITANIUM-CONTAINING 
NICKEL-IRON-CHROMIUM ALLOY 
Introductory folder gives brief description of this new alloy for 
service at elevated temperatures. Data includes composition, phys-
ical properties, and tensile and rupture properties at temperatures 
up to 1800°F. 
128-B-ENGINEERING PROPERTIES OF CAST INCONEL ALLOY 
Summarizes composition, properties, working instructions of this 
oxidation and corrosion-resisting alloy which is strong at high tem-
peratures and comparable to nickel for maintaining product purity. 
135-B-BASIC DATA-JNCONEL "713C" NICKEL-CHROMIUM ALLOY. 
Gives composition and properties of this new nickel-chromium 
cast alloy. Suggests applications in conformance with the ability 
of this strong high temperature alloy to resist oxidation, corrosion, 
and thermal fatigue. 
129-B-NICKEL, INCLUDING HIGH NICKEL ALLOYS. (Reprint from 
INDUSTRIAL AND ENGINEERING CHEMISTRY.) 
Discusses physical properties, working instructions, research and 
development, as well as high temperature and other applications of 
nickel and high nickel alloys. 
31·1-MACHINING AND GRINDING THE AGE-HARDENABLE NICKEL· 
CHROMIUM-IRON ALLOYS. 
Describes methods of working lnconel "X'', Nimonic BOA and 
Nimonic 90. Covers age-hardening, broaching, centerless and 
cylindrical grinding, milling, reaming, threading and other opera-
tions. Gives chemical compositions. 
- Welding- Brazing- Soldering -
T-2-FUSION WELDING OP NICKEL AND HIGH-NICKEL ALLOYS. 
Discusses thoroughly surface preparation, joint design, welding 
procedures, overlays, testing and inspection. Welding methods 
described include metal arc, gas, oxy-acetylene pressure, sub-
merged arc and stud welding. Also discusses thermal cutting of 
nickel, Monel and Inconel, pickling procedures and safety con-
sideration. Revised 8/56. 
T-33-RESISTANCE WELDING OF NICKEL AND HIGH-NICKEL ALLOYS. 
Thoroughly covers recommended resistance welding procedures 
for nickel and high nickel alloys. Describes spot, seam, flash and 
projection welding and resistance brazing. Includes discussion. of 
design and equipment considerations, weld defects and testing 
methods. Revised 8/55. 
T-34-BRAZING AND SOLDERING NICKEL AND HIGH-NICKEL 
ALLOYS. 
Discusses design, surface prepar~tion, a~loys, fluxes, heati?g meth-
ods, post-brazing treatment and mspectton methods for s.tlver and 
copper brazing and brazing for high temperature servtce. Also 
covers soft soldering. 6th edition. 
33-B-INCO WELDING PRODUCTS. 
Gives complete list of Inco welding products for joining Inco 
Nickel Alloys to themselves and other metals, joining cast irons 
to themselves and other metals, joining combinations of dissimilar 
alloys. Includes index of government. aD;d engineering society 
specifications, names and addresses of dtstnbutors. 
109-B-REPAIR CAST IRON PARTS QUICKLY AND EASILY 
Four page folder gives case histories of typical uses of Ni-Rod and 
Ni-Rod "55" in welding cast irons to themselves and other metals. 
Explains briefly how to choose bet:wee_n Ni-~od and its compan_ion 
electrode, Ni-Rod "55", for a specific JOb. Ltst of all U.S. suppllers 
enclosed. 
118-B-A HANDY GUIDE TO WELDING CAST IRONS. 
Twelve page booklet contains many ~elpf~l tips on w~lding ,;as.~ 
irons to themselves and other metals wtth Nt-Rod and Nt-Rod 55 
electrodes. Discusses preparation, operation, getting maximum 
machinability, production welding, welding ~eavy section~ , salv~g­
ing castings. Illustrated with many case histones show!ng wtde 
variety of jobs that have been welded successfully wtth the&e 
electrodes. 
111-B-WHAT ABOUT WORN VALVE SEATS, BLOCKS? 
Describes how one bus company cuts maintenance costs on worn 
and damaged engines by welding with Ni-Rod and Ni-Rod "55". 
Step-by-step procedure is fully illustrated. Reprinted from "Bus 
Transportation", June, 1955. 
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137-B-DISSIMILAR ALLOY WELDING. 
Describes new multi-purpose welding electrode, Inco-Rod " 
Lists many joints involving dissimilar alloys which can be 
with Inco-Rod "A". Gives data on test welds made on 23 
combinations of dissimilar alloys illustrated with many case 
tories of successful uses. Includes list of U.S. suppliers. 
136-B-WELDING REPAIR COSTING $600 RECLAIMS $8,000 
GINE BLOCKS. 
Corroded or cracked guide rings on marine diesel engines can 
satisfactorily repaired by welding. Process is described with 
by step illustrations. 
QUARTERLY PERIODICALS 
A. request for our quarterly publications will bring the cur-
rent issue. You will then receive future issues automatically. 
36-B-PROCESS INDUSTRIES QUARTERLY-Current Issue. 
This publication contains information on latest developments 
applications of Monel, nickel, nickel alloys for chemical and 
cessing equipment. 
37·1-MECHANICAL TOPICS-Current Issue. 
This quarterly carries information on latest applications of 
nickel, nickel alloys for mechanical equipment. 
ARCHITECTURAL 
T-30-THE BEHAVIOR OF NICKEL AND MONEL IN OUTDOOR 
MOSPHERES. 
Summarizes results of corrosion tests in America and 
on nickel and Monel in rural, suburban, industrial and marine 
door atmospheres. Describes stages of weathering in exposed 
sheltered areas, corrosion forms, methods of measuring 
rates, effects of adding chromium to nickel. Reports practical 
histories of Monel roofing. 4th edition. 
125-B-MONEL EXPANSION JOINTS AND WATER STOPS 
AGE TREATMENT PLANTS. 
Summarizes construction and installation of Monel 
joints, construction joints and water stops in the New 
ery Bay Sewage Treatment Plant. Reprinted from "Public 
39-1-BASIC APPLICATION DATA ••• MONEL ROOFING 
Gives properties and advantages of Monel Roofing Sheet; 
installation procedures, suggested lighter-weight gauges to take 
vantage of Monel's high strength for all common applications 
metal roofing sheet. Tables of weights in available gauges. 
40-1-MONEL TIE-WIRE-BASIC DATA. 
Gives general information on Monel tie-wire, range of use, 
acteristics, installation. Includes suggested specifications. 
42·1-MORE MONEL FOR THE METROPOLITAN MUSEUM 
Tells how a 13-year roofing project was completed to 
a priceless collection of world art treasures under a ne,-m,mel 
Monel roof. Reprinted from "Sheet Metal Worker." 
102·1-INSTRUCTIONS FOR THE SOn SOLDERING 
ROOFING SHEET. 
Characteristics of Monel Roofing Sheet, advantages and 
tions of soft soldering, fluxes, surface preparation, the 
operation and the strengths of soldered joints are "n·v"r"n. 
show 21 types of mechanical joints and edge reinf,orc:enler 
usually calling for soft solder as a sealer. Includes tables 
weights in available gauges. 
See "CORROSION" section, also. 
B-FLUORINE CORROSION. 
on metals by fluorine and 
fluoride. Gives the results of laboratory tests of high 
materials, stainless steels, carbon steels and other metals 
fluorine at temperatures up to 700°C and in hydrogen fluoride 
temperatures up to 600°C. Reprinted from an article by W. R. 
and W. B. DeLong in May 1948 "Chemical Engineering 
briefly the economical uses for Monel and nickel in the 
• r·oc,essing of salt. Flow charts of all major refining processes show 
and nickel equipment have proved most suitable 
economical. 
wu1nust:.• nickel, Monel, Inconel, and their application to recent 
evc~Jopm,ents and current problems in the chemical industry. De-
reaction of these materials to specific products and re-
includes mechanical properties, physical constants and 
OIIIP<>si1tio:n. Also discusses principal factors to consider in the 
of a corrosion-resistant material, and certain consid-
of corrosion testing that are often overlooked. 
-RESISTANCE OF MONEL, N ICKEL AND HIGH-NICKEL ALLOYS 
TO CORROSION BY SULFURIC ACID. 
factors affecting corrosion rate of Monel in sulfuric 
including acid concentration, temperature, aeration, velocity, 
formation and presence of oxidizing salts. Describes typical 
of Monel in processes involving sulfuric acid with 
nn·n~·inn test data from these processes. Also gives data on nickel 
Inconel. Revised 10/48. 
THE RESISTANCE OF NICKEL AND ITS ALLOYS TO CORROSION 
BY CAUSTIC ALKALIES. 
resistance of nickel, Monel and other nickel alloys in-
nickel cast iron to corrosion by caustic soda. Contains 
records from various industries and data from field tests 
concentrated and highly concentrated caustic solutions 
caustic. Revised 10/49. 
RESISTANCE OF N ICKEL, MONEL AND OTHER HIGH-NICKEL 
ALLOYS TO CORROSION BY HYDROCHLORIC ACID, HYDRO-
GEN CHLORIDE, AND CHLORINE. 
.,,.,u,,", factors affecting selection of a metal for a specific appli-
data gives comparative analysis of high-nickel 
service with chlorinated solvents, organic chlorination, 
acid chlorides. Describes, illustrates practical applica-
of nickel, high nickel alloys to pickling, petroleum refining, 
and paper productions. Revised 12/45. 
report on continuous finishing of caustic in Dow 
evaporators. Four years experience with this 
in low carbon nickel equipment, shows substantial sav-
in original cost and maintenance of equipment, operation; 
fuel consumption. Reprinted from article by W. L. Badger 
F. C. Standiford in Feb. 1954 "Chemical Engineering." 
BY HYDROFLUORIC ACID. 
results of laboratory and plant corrosion tests in hydro-
acid of various concentrations. Summarizes the suitable 
1ppnc;aucJns and the limitations of common metals and alloys in 
involving hydrofluoric acid. Reprinted from "The Oil 
Gas Journal." 
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47 -8-INDUSTRIAL HANDLING OF FLUORINE. 
Describes the latest developments in the industrial handling of 
fluorine. Summarizes and tabulates the physical and chemical 
properties of fluorine as well as discussing its physiological 
properties and the use of protective clothing. Presents in detail 
corrosion data about 11.uorine-handling metals at both high and 
low temperatures. Reprinted from "Industrial and Engineering 
Chemistry." 
1 01-B-CONTINUOUS DISPOSAL OF FLUORINE. 
Research report on successful experiments for disposal of fluorine 
safely, by use of preheated fluorine and superheated steam in 
equipment made of Monel. Reprinted from an article by S. H. 
Smiley and C. R. Schmitt in Feb. 1954 "Industrial and Engineer-
ing Chemistry." 
107-B-METAL MATERIALS FOR HANDLING AQUEOUS HYDRO-
FLUORIC ACID. 
Report based on advanced methods of testing corrosion resistance 
in hydrofluoric acid solutions. Not only deals with observations 
of uniform specimens totally immersed, but also with brazed and 
welded joints, corrosion at the liquid level line and in areas where 
condensation of vapor occurs and susceptibility toward stress· 
corrosion cracking of variously-treated welds. Reprinted from an 
article by Mortimer Schussler in Jan. 1955 "Industrial and En· 
gineering Chemistry." 
49-B-VICTORY OVER BROMINE. 
Reports results of corrosion and impact tests that led to acceptance 
by Interstate Commerce Commission of new Monel drum for 
shipping bromine. Gives details of construction and emptying of 
drum and preparation of handling of bromine for shipment. Re-
printed from "Modern Packaging." 
50-S-MATERIALS POR BROMINE CONTAINER. 
George S. Haines of Westvaco Chemical reports on testing pro-
cedures and results of investigation to compare suitability of 
Monel, pure nickel and other materials for shipping drums to 
handle bromine. Reprinted from "Industrial and Engineering 
Chemistry." 
ELECTRICAL AND 
ELECTRONICS 
127 -8-MAGNETOSTRICTION. 
This report on Magnetostriction (the change in dimensions of a 
ferromagnetic material when it is placed in a magnetic field. Also 
the inverse effect: the change in magnetization when the dimen-
sions are changed by an external force) discusses ferromagnetic 
metals and alloys, giving data on some of their magnetostrictive 
properties. Numerous devices employing this phenomenon are 
described and explained. Selected bibliography is appended. 
51-B-INCO NICKEL ALLOYS FOR ELECTRONIC USES. 
Details information on 13 Inca Nickel Alloys used in electronic, 
radio, electrical industries. Gives composition, general character-
istics, typical uses, available mill forms. 
115-B-DESIGN OF NICKEL MAGNETOSTRICTION TRANSDUCERS. 
This 44 page book was prepared to aid engineers in designing 
magnetostriction transducers to meet their particular needs for 
operation at frequencies up to about 100,000 cycles. 
It also contains a specific design for a 30,000 cycle, 50 watt nickel 
transducer. Nickel transducers, handling from micro watts to over 
100 kilowatts, have been built for commercial applications ranging 
from band pass filters, burglar alarms, metal cleaning, submarine 
sounding, and fish detectors, to cutting and drilling equipment, 
including oil well equipment. 
FOOD PROCESSING 
T-28-CORROSION RESISTANCE Oi' NICKEL AND HIGH NICKEL 
ALLOYS IN FOOD PROCESSING. 
Presents results of studies made to determine and compare suit-
ability of various materials for equipment used in the processing 
and handling of some food. Revised 6/52. 
FURNACE AND 
HEAT-TREATING 
55-B-KEEP OPERATING COSTS DOWN WHEN TEMPERATURES GO 
UP. 
Describes bow Inconel helps cut production costs at temperatures 
up to 2200°F, Cites case histories i~ beat tre~ting, case hardening, 
liquid baths, brazing and enamelmg applicatiOns. ~hows how 
Inconel is used for temperature controls, how other mckel alloys 
are used for many high-beat applications. 
96-B-REDESIGNING BURNING TOOLS CUTS COSTS. 
Tells bow Borg-Warner Corp. gained five advantages: (1) ~el 
saving, (2) fewer rejects, ( 3) le:;s conveyor wear, ( 4) mor~ readily 
cleaned hangers, (5) fewer mamt.enance manhour~ by usmg new, 
25% lighter lnconel tools in a strrught-through contmuous furnace. 
Reprinted from "Ceramic Industry." 
LEATHER TANNING 
59-B-HOW ,_\ANY SKINS MUST YOU LOSE THIS YEAR? 
Discusses one of the important causes of hide spoilage-equipment 
corrosion and rust. Tells why and where it occurs, a low cost 
method of reducing it. Describes a simple test of Monel for any 
tannery accessories. 
MARINE AND 
MOTOR BOAT 
131-B-THE LADY WITH A PAST 
Mel Crook, racing boat authority, tells the story of "EJ Lagarto", 
three times winner during the thirties of both the President's and 
Gold Cup. 
132-B-WHAT EVERY BOAT OWNER SHOULD KNOW 
How to outfit a boat for greater pleasure, greater safety by using 
seagoin' Monel equipment. Thorough coverage of available Monel 
boat equipment. Illustrated with pictures and charts. 
60-B-WHEN METALS GO TO SEA. 
A well-known yachtsman-author, H. A. Calahan, explains in 
yachtsmen's language bow salt water corrosion can destroy boating 
equipment, tells bow to avoid it. Includes tips on bow to get 
longer service from shafts, water and fuel tanks, fastenings, rig-
ging, and other accessories aboard ship. 
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61-B-MORE POWER TO YOU. 
Melvin Crook, speedboat racer and yachting editor, tells how 
get better performance from a propeller shaft. Simple charts 
bow to choose the proper shaft diameter for your engine 
power and rpm, how to space bearings, how to avoid 
corrosion. Includes interesting anecdotes from the writer's 
in boating. 
64-B-A FEW STRAIGHT TRUTHS ABOUT GALVANIC 
IN SALT WATER. 
Tells how to identify galvanic corrosion, foretell if it is 
take precautions to reduce it. Has questions and answers on 
mon galvanic corrosion problems. 
65-B-FABRICATION OF MONEL TANKS FOR BOATS. 
Suggests dimensions, metal thickness, joint types and 
processes for production of Monel gasoline, fuel oil and 
tanks of various capacities. Illustrated. 
97-B-FILLETED KEYWAYS. 
Discusses how durability of any propeller shaft is helped 
filleted keyway. Gives table of sizes of fillet radius suggested 
improvement of the SAE standard keyway widths and depths 
shaft sizes ranging from 3A" to 8" diameter. Design is approved 
U.S. Navy and American Bureau of Shipping. 
1 05-B-SIX POINT CHECKLIST 
Tells a boat owner how to make sure his boat's new 
shaft will give long, trouble-free service. Tells a 
to machine a Monel propeller shaft according to S.A.E. sm:c!lica 
tions for filleted keyways. This keyway can double the rP•;•t''""' 
to impact of any propeller shaft. 
PETROLEUM 
134-B-SPLASH ZONE PROTECTION FOR OFFSHORE 
Analyzes the problem of protecting offshore structures 
sion with particular attention to the critical splash zone. u''"'"'"' 
corrosion rates of various metals. Describes methods of 
sheathing and recent progress in extending the usefulness 
type of protection. Reprinted from "WORLD OIL." 
122-B-THE SELECTION Of .MATERJAlS FOR SOME 
REFINERY APPLICATIONS. 
Summarizes investigations made in a number of refineries to 
termine the best materials for resistance to corrosion in 
typical processes as crude distillation, caustic and acid tre· ~ t.mP·nt • 
of products, alkylation and others. Reprinted from "Corrosion 
67-B-SOME CORROSION PROBLEMS IN PETROLEUM REFI 
Analyzes 15 actual problems concerning corrosion of 
equipment. Contains quantitative information on behavior 
different materials of construction, under varying conditions 
service. Reprinted from "The Petroleum Engineer." 
68-B-"K" MONEL NON-MAGNETIC DRILL COLLARS FOR OIL 
SURVEYING. 
Gives history, development, applications and performance 
A paper by Raymond Mahan, General Manager, Servco • ·"•rn•e~ra 
tion, Long Beach, Calif. Additional comments by several 
petroleum executives. 
71-B-GALVANIC CORROSION IN 
Discusses the possibilities of galvanic corrosion in gas and oil 
fluids and explains why it is often less of a problem than is 
erally believed. Includes an explanation of how galvanic 
works in practical application. Reprinted from "CORROSION. 
2-B-METALS TO mAKE PETROLEUM PRODUCTION EQUIPMENT 
PRODUCE MORE. 
1se histories showing how alloys are used to solve problems. in-
•lving corrosion magnetism, and maintenance of good mechamcal 
·operties in equipment for e~plori?Jg. ?rilling, ~urveying and P.ro-
!cing oil wells. Includes engmeenng mformatwn for productiOn 
ruipment manufacturers. 
'ICKLING 
4-B-5-WAY SAVINGS IN PICKLING. 
:ase records show how Monel pickling equipment has given longer 
ervice, made possible greater payloads and increased safety in 
ypical pickling operations. Includes tie-rods, crates, baskets, hooks, 
.hains, and other shop equipment. 
5-8-ENGINEERING REPORT ON RESISTANCE OF TIE RODS TO 
CORROSION. 
•m•na·rizt~ a complete plant test, conducted under actual oper-
"u•~u• .. uu.,. to determine relative merits of Monel, aluminum, 
and alloyed iron for tie rods in sulfuric acid pickling tanks. 
illustrated 32-page booklet shows how pickling departments 
equipment to get greater pickling production and 
costs. Contains actual service reports on products 
mill forms to hollow ware and shows how users 
payloads, less dead weight, and longer service life 
their pickling equipment. 
13-B-PICKLING AT HALF THE COST. 
a major producer of fasteners modernized the pickling depart-
for greater production. Handling methods, using 6000-lb. 
Monel nickel copper alloy hooks, simultaneously reduced 
and eliminated a major production bottleneck. 
14-B-PROPER HANDLING DEVICES AID BATCH PICKLING. 
illustrated discussion of modern equipment which helps in-
production and lower costs in batch pickling operations. 
bout efficient work carriers for products weighing tons or 
weighing ounces. Shows how dead weight can be 
•:<lt!cea for greater payloads. 
VALVE COSTS WITH LASTING TRIM. 
how valve manufacturers use Inco Nickel Alloys for longer 
valves and trim meet special problems of corrosion, rust, 
wire drawing, heat and high pressure service. 
ULP AND PAPER 
SOLUTIONS FOR METAL PROBLEMS IN PULP AND 
MILLS. 
how mill operators have solved typical problems of corro-
ng, fatigue and· wear. Describes the applications of nickel 
gh-nickel alloys in various pulp and paper mill operations. 
many case histories, corrosion charts and data tables for 
metals and alloys. Lists available mill forms. Indexed. 
11/53. 
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81-B-CORROSION AND FIELD LINING OF SULPHATE DIGESTERS. 
Gives the case history of a failing mild steel pulp digester which 
has been field-lined with lnconel strip to prolong its service life. 
Gives details of welding and testing procedures, costs and results. 
Reprinted from "Paper Trade Journal." 
82-B-THE USE OF NICKEL CONTAINING ALLOYS IN THE PULP AND 
PAPER INDUSTRY. 
Details the applications in the pulp and paper industry of nickel 
and nickel base alloys as well as the austenitic stainless steels and 
some nickel alloyed cast irons. Covers alkaline, sulphate, acid and 
semi-chemical pulping as well as the use of these alloys in paper-
making. Thirty-four tables give the results of corrosion tests made 
on various metals and alloys under actual working conditions. 
83-B-PULP-PAPER AND NICKEL ALLOYS. 
Tells how the Manitoba Paper Company renovated virtually the 
entire production line of one plant to increase the daily output 
from 275 to 340 tons. Describes modifications made and some of 
the alloys used. Illustrates the new equipment. 
85-B-HOW TO ELIMINATE UNNECESSARY SHUTDOWNS. 
Describes how to get from three to six times longer service from 
pulp and paper manufacturing equipment. Cites performance 
records in such applications as dandy roll, cylinders, filters. Lists 
established types of Monel wire cloths for pulp and paper services. 
86-B-HOW TO GET MORE PRODUCTION FROM DOCTOR BLADES. 
Describes how to increase production and cut operating costs with 
"K" Monel doctor blades. Typical performance records show how 
need for regrinding was reduced 85%, how life increased from 
9 to 18 times. 
88-B-7 POINTS FOR PULP AND PAPER MILU. 
Describes, illustrates application of Monel sheet for paper mill 
equipment. Includes service records, corrosion data from plant 
tests. 
116-B-HOW TO CONTROL DIGESTER CORROSION 
Shows why lnconel cladding and lining of digesters is a solution, 
and gives names of several mills that have used it successfully. 
Also covers the manufacturers of Inconel cladding and lining, in-
cluding how their plate is made. 
SOAP 
91-B-SOAP-AN OUniNE OF SOAP PROCESSES AND EQUIPMENT. 
Outlines typical processing steps in soap manufacture-flow sheets, 
description of Boiled Process, Cold Process, Fatty Acid Process, 
Glycerine Recovery Process. 
92-B-CORROSION TESTS IN THE· PROCESSING OF SOAP AND 
FATTY ACIDS. 
Sums up the results of 10 years of corrosion tests in operating 
equipment in soap and fatty acid plants. Discusses metals and 
alloys used in equipment for processing these products, the corro-
sives which these metals encounter. Twenty-five tables and two 
flow charts show results and locations of corrosion tests. Reprinted 
from "Corrosion." 
A )NCO, 
Tl AO( MAll!:. 
THE C~OICE OF A METAL-Wherever you have a special metal problem, there's usually an lnco Nickel Alloy to help 
solve If. Here are some of the lnco Nickel Alloys ••• Cllong with those characteristics which make them so practical 
for special, difficult jobs. From these you can see which nickel alloys can best serve your needs. They are produced 
and marketed by The International Nickel Company, Inc., under the indicated trademarks: 
Trademark 
Monel* 
.. R .. Monel* 
.. K .. Monel* 
.. KR .. Monel* 
Monel .. 402 .. * 
Monel .. 403 .. * 
.. S .. * Monel 
.. H .. Monel* 
.. RH .. Monel* 
lnco nickel 
lnco Low 
Carbon nickel 
.. G .. * nickel 
••s .. * n~ckel 
Alloy and General Description 
nickel-copper alloy-for general applications requiring corrosion resistance in addition to tough-
ness and high strength. Also produced in cast form . 
free-machining nickel-copper alloy-for automatic machining and intricate machined shapes. 
age-hardenable nickel-copper alloy- can be heat-treated after finishing, producing a corrosion-
resistant material with extra strength and hardness. Non-magnetic. 
machining-grade age-hardenable nickel-copper alloy- can be heat-treated to develop properties 
similar to "K" Monel. 
nickel-copper alloy-used for pickling equipment. 
non-magnetic nickel-copper alloy-substantially non-magnetic at room temperatures; used for 
shielding tape to wrap power transmission cables. 
hard-grade nickel-copper cast alloy-for valve trim, impellers, pump liners and similar applica-
tions. Anti-galling . 
semi-hard nickel-copper cast alloy-more machinable than "S" Monel and harder than Monel. 
machining-grade semi-hard nickel-copper cast alloy-greater machinability than "H" Monel with 
comparable properties. 
commercially pure nickel for chemica l equipment, electrical uses, high temperatures and corro-
sion resistance. Also produced in cast form. 
commercially pure nickel with maximum of 0.02% carbon for continuous or intermittent high 
temperature service above 700 °F. R esists many corrosives and possesses high ductility . 
anti-galling cast nickel-with corrosion resistance and other properties of cast nickel. 
hard-grade cast nickel-with corrosion resistance and other properties of cast nickel. Anti-galling . 
.. D .. * nickel spark-erosion-resisting high-strength n ickel for spark plug electrodes and electronic applications. 
Duranickel * 
Duranickel .. R .. * 
Inconel* 
.. S .. lnconel * 
lnconel .. X .. * 
lnconel .. W .. * 
lncoloy* 
Hi·o-nel* 
Himonic* .. 75 .. 
Nimonic* .. BOA., 
a ge-hardenable nickel-spring-quality alloy which can be treated after forming to develop high 
hardness and strength. 
machining-grade age-hardenable nickel- greater machinability than Duranickel and with com-
parable properties. 
nickel-chromium alloy-heat- and corrosion-resisting alloy to withstand temperatures up to 
2200 °F. H igh hot-strength and resistance to progressive oxidation and fatigue. Non-magnetic. 
Also produced in cast form. 
hard-grade nickel-chromium cast alloy-with corrosion resistance and other properties of cast 
Inconel. Anti-galling. 
age-hardenable nickel-chromium alloy- with high strength and low creep rate of temperatures up 
to 1500 °F , after suitable thermal treatment. High resistance to chemica l corrosion and oxidation. 
Good spring properties up to 1000°F. 
age-hardenable columbium-free nickel-chromium alloy. Has comparable properties to Inconel 
"X". 
nickel-iron-chromium alloy-oxidation- and heat-resistant alloy which also resists moderately sul-
fidizing atmospheres, green-rot, molten cyanide salts, a nd fused neutral salts at high temperatures. 
nickel-iron-chromium alloy-for resisting corrosion by "certain hot acids and oxidizing chemicals 
which few other materials can withstand. Possesses high resistance to many other corrosives. 
nickel-chromium alloy-with properties comparable to those of Inconel. 
age-hardenable nickel-chromium alloy-with properties comparable to those of Inconel "X". 
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